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HAMMERHEAD RIBOZYMES WTIH EXTENDED CLEAVAGE RULE 
Background of the Invention 
The present invention is in the field of compositions having RNA- 
cleavage activity. 

Hanunerhcad ribozynua a» an example of catalytic RNA molecules 
which are able to recognize and cleave a given speciik RNA substrate 
(Hotchins a ai., Nuclek Acids Res. 14:3627 (1986); Keese and Symons. in 
Viroids and viroid - like pathogens (JJ. Semanchik. publ.. C3lC-Press. Boca 
Raton. Florida. 1987). pages W7). The catalytic center of hammerh«m 
tibozymes is flanked by three stems and can be formed by adjacent sequence 
regions of the RNA or also by regions whfch are separated from one another 
by many nucleotides. Figure I shows a diagram of such a catalyticaJly active 
hammerhead structure. The stems have been denoted I. n and m. The 
nucleotides are mmbered according to the standard nomenclature for 
lunmierhead ribozymes (Hertel et al.. NudeicAdds Res. 20:3252 (1992)). 

In this nomenclanire. bases are denoted by a number which relates their 
position relative to the 5* side of the cleavage site. Ftanhermore. each base 
that is involved m a stem or loop region has an additional desigmttion (which 
is denoted by a dechnal pomt and then another number) that defines the 
position of that base within the stem or loop. A designation of N"-» would 

indicate that this base is involved m a paired region and that h is the third 
base in that stem going away from the core region. This accepted 
convention for describing h a m n i ff rh cad derived ribozymes aUows for the 
nucleotides involved m the core of the enzyme to always have the same 
25 number reUtive to aU of the other nucleotides. The size of the stems 

involved in substrate bindug or core formation can be any size and of any 
sequence, and the position of A», for example, will remain the same relative 
to aU of the other core nucleotides. Nucleotides designated, for example. 
N*« or N^ represent an inserted nucleotide where the position of the caret 
30 (*) relative to the number denotes whether the insertion is before or after the 
indicated nucleotide. Thus. N*« represents a nucleotide mserted before 
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nucleotide position 12. and N»* lepiesents a nucleotide inserted after 
nucleotide position 9. 

TTie consensus sequence of the catalytic core stnicnire is described by 
Ruf&ier and Uhlenbeck (NucUic Adds Ra. 18:6025-6029 (1990)). Peniman 
a al. {Gene 113:157-163 (1992)) have meanwhile shown diat this structure 
can also contain variations, for example, natuially occurring nucleotide 
insertions such as and N*« Thus, tije positive strand of the satellite 
RNA of the tobacco ring-spot virus does not contain any of die two 
nucleotide insertions wfaUe die +RNA sinmd of die viiusoid of die lucerne 
transient streak virus (vLTSV) contains a = U inseition which can be 
mutated to C or G widwut loss of activity (Sheldon and Symons. Nucleic 
Acids Res. 17:5679-5685 (1989)). Rmhermore, in tiiis special case, = A 
andR">=A. On die other hand, die minus strand of the carnation smm 
associated viroid (- CarSV) is quite mmsual since it comains bodi micleotide 
15 i'»««ions.diat is N-« = A and N^-C (Hernandez « a/.. Ai«r/e/cArfd:r 
Ra. 20:6323-6329 (1992)). In diis viinid >r = A and R" ' = A. In 
addition, diis special hammerhead struc&ire exhibits a veiy effective self- 
catalytic cleavage despite die more open central stem. 

Possible uses of hanwnrrhr a d ribo^ymes inchide, for example, 
generation of RNA restriction enzymes and die specific hactivation of die 
expression of genes in, for example, animal, human or plant cells and 
prokaryotes, yeasts and Plasmodia. A particular biomedkal interest is based 

on die fact diat many diseases, inchiding many forms of tumora. are related 
to die ovcrexpression of specific genes. Inactivating such genes by cleaving 
die associated mRNA represents a possible way to control and evemually 
treat sudi diseases. Moreover dtere is a great need to develop antiviral, 
antibacterial, and antifungal pharmaceutical agents. Ribozymes have 
potential as such anti-infective agents smce RNA molecules vital to die 
survival of die organism can be selectively destroyed. 
30 One of die greatest inqiedhnents to using hanunahead based 

ribo2ymes for pharmaceutical agents is die limited availability of accqjtable 
targets in noimal Gerlach designs and when targeting pre-formed half 
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hammerhead stnicmres (see WO 97/18312). In addition to needing the 
concct hybridizing sequences for substrate binding, substrates for 
hammerhead ribozymes have been shown to strongly prefer the triplet 
N««U'«-«H«' where N can be any nucleotide. U is uridine, and H is cither 
adenosme, cytidine, or uridine (Koizumi a al., FEBSLett. 228, 228-230 
(1988); Riiffijer et al.. Biochemistry 29, 10695-10702 (1990); Perriman a 
al. Gene 113. 157-163 (1992)). The feet that changes to this general rule 
for substrate specificity result m non-flmctional substrates implies that there 
are "non core compatible" structures which are formed when substiates are 
provided which deviate from the stated requirements. Evidence along these 
lines was recently reported by Uhlenbeck and co-woriceis (Biochemistry 
36:1108-1114 (1997)) when they demonstrated that the substimtion of a G at 
positton 17 caused a functionaUy catastrophic base pair between G" and to 
form, both preventing the correct orientation of the scissUe bond for cieavage 
15 and the needed tertiary mteractions of C» (Murray era/., fi/ocAeiB. y. 

311:487-494 (1995)). The strong preference for a U at position 16.1 may 
exist for simihr reasons. Many experiments have been done in an attempt to 
isohite ribozymes which are able to efficicnUy relieve the requiremem of a U 
at position 16.1, however, attempts to find faammertiead type ribozymes 
which can cleave substrates having a base other dian a U at position 16.1 
have proven mqwssible (Perriman et al., Gene 113. 157-163 (1992)). 

EfHcIem catalytic molecules with reduced or altered requirements m 
the cleavage region are highly desirable because their isolation would greatly 
increase the mmiber of avaihible target sequences that molecules of this type 
could cleave. For example, it would be desirable to have a ribozyme variant 
that could efficiently cleave substrates containing triplets other dun 
N»«U'«-'H" smce this would increase the number of potential target cleavage 
sites. 

Chcmffially modified oligonucleotides which contain a block of 
30 deoxyribonudeotides m the middle regfon of the molecule have potent al as 
pharmaceutical agents for the specific uiactivation of the expression of genes 
(GUes et al., NucUic Acids Res. 20:763-770 (1992)). These oligonucleotides 
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can form a hybrid DNA-RNA duplex in which the DNA bound RNA strand 
is degraded by RNase H. Such oligonucleotides are considered to promote 
cleavage of the RNA and so cannot be characterized as having an RNA- 
cleaving activiQr nor as cleaving an RNA molecule (the RNase H is 
5 cleaving). A significant disadvantage of these oligonucleotides for in vivo 
applications is their low specificity, since hybrid formation, and thus 
cleavage, can also take place at undcsired positions on the RNA molecules. 

Previous atten^ts to recombinantly express catalytically active RNA 
molecules in the ceU by transfecting the ceU with an appropriate gene have 

10 not proven to be very effective since a very high expression was necessary to 
inactivate specific RNA substrates. In addition the vector systems which are 
available now cannot generally be applied. Furthermore, unmodified 
ribozymes cannot be administered directly due to the sensitivity of RNA to 
degradation by RNascs and their interactions with proteins. Thus, chemically 

15 modified active substances have to be used in order to nrftninig fi^ir 

hammerhead ribozymes exogcnously (discussed, for example, by Heidenreich 
et al., J. BioL Omu 269:2131-2138 (1994); Kiehntopf ef a/., EMBO J. 
13:4645-4652 (1994); Paolclla et al., EMBO 7. 11:1913-1919 (1992); and 
Usman et al„ Nucleic Adds Syn^, Ser. 31:163-164 (1994)). 

20 U.S. Pat. No, 5,334,711 describes such chemically modified active 

substances based on synthetic catalytic oligonucleotide structures with a 
length of 35 to 40 nucleotides which are suitable for cleaving a nucleic acid 
target sequence and contam modified nucleotides that contam an optionally 
substituted aUcyl, alketyl or alkynyl group wiUi 1 . 10 carbon atoms at ttie 

25 2'-Oatomof thcribose. These oligonucleotides contain modified nucleotide 
buildmg blocks and form a strucmre resembling a hammerhead structure. 
These oligonucleotides are able to cleave specific RNA substrates. 

The use of a large number of deoxyribonucleotides m die 
hybridization arms or in tiic active center can lead to a loss of specificity due 

30 to an activation of RNase H smcc sequences which are related to the desired 
target sequence can also be cleaved. Moreover, catalytic DNA oligomers are 
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not particdarly well suited for in vivo applications due to interactions with . 
proteins, and lack of resistance to degradation by nucleases. 

It is therefore an object of the present invention to provide 
compositions that cleave RNA. and in particular to provide RNA^Ieaving 
oUgomers which at the same tune have a high stability, activity, and 
spedfici^. 

It is another object of the present invemion to provide compositions 
that cleave RNA substrates having a cleavage site triplet other than 
N'"U»"H". 

Smnmary of the Invention 
Disclosed are compositions having an RNA-deavage activity, as well 
as their use for cleaving RNA substrates /« vt«ro and « vfvo. TTie ' 
compositions contain an active center, the submuts of which are selected 
firan nucleotides and/or micleotide analogues, as weU as flanldng regions 
contributing to the fonnation of a specific hybridization with an RNA 
substrate. Preferred compositions form, m combination with an RNA 
substrate, a structure resembling a hammerhead struaare. Hie active cemer 
of the disclosed compositions is characterized by the presence of I" ' which 
allows cleavage of RNA substrates haviAg C'*-'. 

Brief Description of the Drawings 
Figure 1 is a diagram of a hammerhead stnicture and the 
conesponding nomencUmre (SEQ ID N0:1). Cleavage occurs between H" 
and N' » to generate the 2'.3'-cyclic phosphate at H". 

Figure 2 is a diagram of an RNA substrate (SEQ ID N0:3) in 
association with an example of an oUgomer (SEQ ID N0:2) that cleaves the 
RNA substrate. The structure formed by the oligomer and the substrate 
resembles the structure of a hammerhead ribozyme. In this case, the 

substrate makes up half of stems I and m. and loops I and m are not 
present. Cleavage occun 3'ofH". 

Figure 3 is a diagram showing the interaction of the A" '-U" ' base 
pair in hammerhead ribotymes (top), and the predicted isostnictural 
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interaction of a i»^.Lc»« » base pair (bottom) that replaces the A»^ '.U'^ » base, 
pair. 

Figure 4A is a graph of fraction of cleavage product versus time (in 
minutes) for the cleavage of a short 5'-fluorcsccin labelled 
5 oiigoribonucleotidc substrate (SEQ ID N0:8) containing a GCA site by four 
variants of 2'-0-allylated 5-ribo catalytic oUgomers each containmg a 
different nucleobase at position N' (U, C. A and G; SEQ ID NOS: 18, 22. 
23. and 24, respectively). 

Figure 4B is a gr^h of fraction of cleavage prtxluct versus dmc (m 
10 miaates) for the cleavage of a short 5'-fluorescein labelled 

oiigoribonucleotidc substrate of SEQ ID N0:8 containing a GCA site by four 
variants of 2'-0-allylatcd 5-ribo catalytic oUgomers each containing a 
different nucleobase or base analogue at position (U, 5-niiroindole. I. and 
quina20line-2, 4^ione; SEQ ID NOS: 18, 27, 25, and 26. respectively). 
Detailed Description of the Inventfam 
Disclosed are compositions having an RNA-cleavage activity, as well 
as their use for cleaving RNA-substrates in vitro and in vivo. The 
conqwsitions contain an active center, the subunits of which are selected 
ftom nucleotides and/or nucleotide analogues, as weU as jflanking regions 

20 contributing to flie formation of a specific Iqrbridization wiUi an RNA 
substrate. Preferred compositions form, in combmation with an RNA 
substrate, a structure resembling a hanomerhead structure. The active center 
of the disclosed compositions is characterized by the presence of I" ' which 
allows cleavage of RNA substrates havmg C**-'. 

25 All naturally occurring hammerhead ribozymes have an A" '-U**** 

base pair. In addition, it is known fliat substrates for ribozymes based on 
tbt consensus hammcriicad sequence strongly prefer a substrate that contams 
an N«-nj'*->H" triplet in which H" is not a guanosine (Koizumi et al. , FEES 
Lett. 228, 228-230 (1988); Ruf&er €r Biochemistry 29. 10695-10702 

30 (1990); Perriman etoL, Gene 113, 157-163 (1992)). Many experiments have 
been done in an attempt to isolate ribozymes which are able to efficientiy 
relieve die requirement of a U at position 16.1, however, attempts to find 
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ribozymes which can cleave substrates having a base other than a U at 
position 16.1 have proven impossibb (Perriman et al.. Gene 113, 157-163 
1992. Singh et al., Antisense and Nucleic Acid Drug Development 6:165-168 
(1996)). 

3 However, examination of the recently published X-ray crystal 

structures (Pley et al.. Nature 372:68-74 (1994), Scott et al.. Cell 81:991- 
10Q2 (1995). and Scott et al., Science 274:2065-2069 (1996)) led to the 
realization that the A^ ^-U**-' interaction is a non-standard base pair with a 
single hydrogen bond between fte exocyclic amine (N6) of the adenosine and 

10 the 4-0X0 group of the uridine. Modeling sttidies (based on the crystal 

stnicttire) then led to the discovery that the interaction of the wild-type A" '- 
U'*-^ base pair can be spatially mimicked by replacement with an l" i-c»« » 
base pair that adopts an isostrucniral orientation and which preserves the 
required contact of the 2-ketogit>up of with A* of the uridine tu^ In 

15 the model, tiie polarity of the stabttiai^g hydrogen bond between positions 
15.1 and 16.1 is reversed in the I« »-C>*-» interaction, but the correct 
orientation of the bases around tiiis bond is maintamed. 

It has been discovered that Gerlach type riboryme analogues 
containing an inosine at position 15.1 readily cleave RNA substrates 

20 containing an N'*^»«^>H" triplet. Based on this, disclosed are compositions, 
preferably synthetic oligomers, \rtuch cleave a nucleic acid target sequence 
containing the triplet N»"C**-'H". It is preferred tiiat H" is not guanosine. 
The ability to cleave substrates having N»"C**-»X*' triplets effectively doubles 
ttie number of targets available for cleavage by conqxwitions of the type 

25 disclosed. ' 

Compositions Having an RNA-deavage Activity 
Specifically disclosed is a composition tiiat cleaves an RNA substrate, 
where the composition includes components (a) and (b), where component (a) 
includes a structtire 5'-Zi-Zj-3' and component (b) mcludes a sttucture 
30 S'-ZyZrV, Ci>mponents (a) and (b) can either be separate molecules or can 
be covalentiy coupled. Elements Z, and Z4 in components (a) and (b) are 
each oligomcric sequences which are made up of nucleotides, nucleotide 
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analogues, or a combination of both, or are oligonucleotide analogues. n,e 
oligomeric sequences of elements Z, and Z, specifically interact with the 
RNA substrate, preferably by hybridization. 

In these preferred compositions, element Z, has a sttuctuits of 

5'-X'X*X'X*X'XV.3'. or 

5'-X'X«X'X*XT?X»X»*-3', 
and element Z, has a stiuc&ae of 

5'-X«X»X"X"^-3'. or 

5*-X*«X"X"X"X""-3\ 
Hements Z, and Z, in these preferred compositions ar? made up of 
nucleotides, nucleotide analogues, or a combination of both. The nucleotides 
and micleotide analogues m elemems Z, and Zj each have the structure 

B 



(D 



E W 

In stnicture (1) each B can be adenin-S-yl. cytosin-l-yl, guanin-9-yl. 
uracil-l-yi. uru:U-5-yl. hypoxanthin-9-yl, thymin-l-yl, S-methylcytosin-l-y'l. 
2.6-diarainopurin-9-yl. purin-9.yl. Tsteazaadenia-S-yl, 7-deazaguanin-9-yl. 5- 
propynylcytosin-l-yl, 5-propynyluraca-l-yl, isoguanin-9-yl. 2-aminopurin-9. 
yl. 6-methyluraciH.yI. 4-thiouracfl.l.yl. 2-pyriimdone.l-yl. quina2oliae-2.4- 
dione-l-yl. xanthin-9.yl. N»-dimethylguanin-9-yl or a fimctional equivalent 
thereof; 

Each V can be an 0. S, NH. or CH, group. 

Each W can be -H. -OH. -COOH. -CONHj. -CONHR'. -CONR'R'. 
-m. -NHR'. -NR'R>, -NHCOR'. -SH. SR'. -F. -ONH,. -ONHR'. - 
O^IR'R^ -NHOH. -NHOR'. -NR'OH. -NR^OR'. subsUmted or unsubstimted 
C,-C,o straight cham or branched alkyl. substimted or unsubstituted C,-C,„ 
straight Cham or branched alkenyl, substituted or unsubstimted C,.C,o straight 
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chain or branched alkynyl. substituted or unsubstituted C,-C,o straight chain 
or branched alkoxy. substituted or unsubstituted Cj-C,o straight chain or 
branched alkenyloxy. and substituted or unsubstioited C,.C,o straight chain or 
branched alkynyloxy. The substituents for W groups are independently 
5 halogen, cyano. amhjo, carboxy, ester, edier, caiboxamide, hydroxy, or 
meicapto. R' and R» can be substituted or unsubstituted aDcyl. alkenyl. or 
alkytyl groups, where the substituents are independently halogen, cyano. 
amino, carboxy, ester, ether, carboxamide. hydroxy, or mercapto. 
p and E are residues which together fonn a phosphodiester or 
10 phosphorothioate diester bond between adjacent nucleosides or nucleoside 
analogues or together fonn an analogue of an iittinucleosidic bond. 

B is hypoxanthin-9-yI, or a functional equivalent diereof. in X" '; B 
can be guamn-9-yI. hypoxandun-9-yl or 7-deazaguanm-9.yl in X*. X'. and 
X«; B can be adcnin-9-yl. 2,6-dianunopurin-9-yI. purin-9.yl or 7-deazaa- 
denin.9-yl b X«. X*. X». and X'«: B can be unu:il-l-yl. uracil-5-yl. dqanin- 
1-yl or 5-propynyhiracU-l.yl in X*; B can be cytosin-l-yl, 5-methylcyt08in- 
1-yl or 5-propynylcytosin-l-yl in X*; and B can be adenin-9-yl, cytosin-l-yl, 
guanin-9-yl, unual-l-yl. uracU-S-yl. hypoxanthin-J-yl, thymin-l-yl, 5- 
methylcytosin-l-yl, 2.6-dianiinopurin-9.yl, pnrin-9-yl, 7-deaaadenm-9-yI, 7- 
deazaguanin-9-yl. S-propynylcytosin-l-yl, 5i>ropynytaiaca-l-yl. isoguanin-9- 
yl. 2-aminopurin.9-yl, 6-mediyluiacil-l.yl, 4-thiouncil-l.yl. 2-pyrimidone-l- 
yl. quina2oline-2,4-dionc-l-yl, xanthin-9-yl. N»-duncthylguanin.9-yl, or a 
functional equivalent thereof in X', X^, and X*". B of X" ' is preferably 
hypoxanthin-9-yl or an analog where no hydrogen bond can form between 
25 any group at the 2 position of die base and die 2-oxo group of C'*-'. 
Preferably, B is not guanin-9-yl in X"-'. 

B in X", X*. X*. X*. X«, X». X«. X". and X'« can also be a 
fiinctionally equivalent nucleobase withm the context of the catalytic cote of a 
hammerhead ribozyme. For example, CMJ*. G», and A» m hanuneihead 
riboqrmes fonn a structure closely resembling a uridtae turn ina tRNA (Pley 
et al.. Nature 372:68-74 1994). Other groups of nucleotides can also form 
uridine turns and so nucleotides X'. X*. X». X* may be replaced as a group 
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With nucleotides or nucleotide analogues that have the potential to fonn a 
structure resembling a uridine turn. Siniilariy, the sheared base pairs in the 
catalytic core of hammeifaead ribozymes have interactioiis that may be similar 
to interactions of other non-canonical base pairs. Knowledge of the crystal 
5 structure of the catalytic core of hammerhead ribozymes, combined with the 
discovery diat a Gerlach type hammerhead ribozyme m which a non- 
canonical base pair has been replaced with an isostnicmnd non^anonical base 
pair is active, indicates tiiat analogous isostnictural base pair replacements 
should be possible elsewhere in the catalytic core. 
10 Definitions 

As used herein, oligomer refers to oUgomeric molecules composed of 
subuaitt where the subunits can be of the same class (such as nucleotides) or 
a miaure of classes (such as nucleotides and ethylene glycol). It is preferred 
that the disclosed oUgomers be oligomeric sequences, non-nudeotide linkers, 
or a combination of oligomers sequences and non-nucleotide linkers. It is 
more preferred tiut the disclosed oUgomers be oligomeric sequences. 
Oligomeric sequences are oligomeric molecules where each of tiic subunits 
inchides a nnclcobase (that is, flje base portion of a nucleotide or nucleotide 
analogue) which can interact with od«r oligomeric sequences in a base- 
specific manner. The hybridization of nucleic acid strands is a preferred 
example of such base-specific mtcractions. Oligomeric sequences preferably 
are comprised of nucleotides, nucleotide analogues, or boflj, or are 
oligonucleotide analogues. 

Non-nucleotide linkers can be any molecule, which is not an 
25 oUgomeric sequence, tiut can be covalemly coiq)led to an oUgomeric 

sequence. Preferred non-nucleotide Unkers are oligomeric molecules formed 
of non-nudeotide subunits. Examples of such non-nudeotide Unkers are 
described by Letsinger and Wu, (J. Am. Chan. Soe. 117:7323-7328 (1995)), 
Bensder er al., (J. Am. Chem. Soc. 115:8483-8484 (1993)) and Pu er aZ. . 
30 (/. Am. Chem. Soc. 116:4591-4598 (1994)). Preferred non-nucleotide 
linkers, or subunits for non-nucleotide Unkers, inchide substituted or 
unsubstituted C,-C,o straight chain or branched alkyl, substitoted or 
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unsubsdtuted C,-C,o straight chain or branched alkenyl. substituted or 
unsubstituted C,-C„ straight chain or branched alkynyl. substituted or 
unsubstituted C,-C„ straight chain or branched alkoxy. substituted or 
unsubstimted C^-Co straight chain or branched alkenyloxy. and substituted or 
unsubstituted C-C,o straight chain or branched alkynyloxy. Tht substituents 
for these preferred non-nudeotide linkers (or subunits) can be halogen, 
cyano, amino, carboxy. ester, ether, caiboxamide. hydroxy, or mercapto. 

As used herein, nucleoside refers to adenosine, guanosine. 
cytidine, uridine. 2'-deoxyadenosine, Z'-deoxyguanosme. 2'- 
deoxycytidine. or thymidine. A nucleoside analogue is a chemically modified 
foim of micleoside containing a chemical modification at any position on the 
base or sugar portion of the nucleoside. As used herein, the term micleoside 
analogue encompasses, for example, both micleoside analogues based on 
naturaUy occurring modified nucleosides, such as inosme and pseudouridine. 
and micleoside analogues having odier modifications, such as modifications to 
tbe 2- position of the sugar. As used herein, micleotide lefers to a phosphate 
derivative of mideosides as described above, and a micleotide analogue is a 
phosphate derivative of micleoside analogues as described above. The 
submiits of oUgomtcleotide analogues, such as peptide mideic adds, are also 
20 considered to be nucleotide analogues. 

As used herein, a ribonucleotide is a nucleotide havh« a 2' hydroxyl 
ftmction. Analogously, a 2'-deoxyribomicleotide is a micleotide having only 
2' hydrogens. Thus, ribomideotides and deoxyribonucleotides as used herein 
refer to natiiraUy occurring mideotides havmg nucleoside components 
25 adenosme. guanosme, cytidme. and uridine, or 2'-deoxyadenosine. 2'- 

deoxyguanosine. 2'-deoxycytidine. and fliymidhie, napectivdy, witiiout any 
chemical modification. Ribonudeosides, deoxyribonucleosides, 
ribomideoside amUogues and deoxyribomiclcoside amilogues a» similariy 
defined excejjt that they lack the phosphate group, or an analogue of die 
30 phosphate [^oiqi. found m nudeotides and nucleotide analogues. 

As used herein, bligonucleotide analogues are polymers of nucleic 
acid-like material wifli nucleic acid-like properties, sudi as sequence 
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dependent hybridization, that contain at one or more positions, a modificatiop 
away from a standard RNA or DNA nucleotide. A prefened example of an 
oligonucleotide analogue is peptide nucleic acid. 

As used herein, base pair refers to a pair of nucleotides or nucleotide 
analogues which interact through one or more hydrogen bonds. Hie term 
base pair is not limited to interactions generaUy characterized as Watson- 
Crick base pairs, but includes non-canonical or sheared base pair interactions 
(Topal and Fresco. Nature 263:285 (1976); Lomant and Fresco. Prog. Nucl. 
Add Res. MoL Biol. 15:185 (1975)). Thus, nucleotides A" ' and U'«-' form 
a base pair in hammerhead ribozymes (see Figure 1) but the base paur is non- 
eanonical (see Figure 3). 

The intermicleosidic linlcage between two nucleosides can be achieved 
by phosphodiester bonds or by modified phospho bonds such as.by 
phosphorothioate groups or other bonds such as, for example, those described 
15 in U.S. Pat. No. 5,334.711. 

Flankiiig Elemoits Z, and Z4 

The monomeric subunits of elements Z, and Z» which flanic the active 
center (formed by elements Z, and Z,) are preferably nucleotides and/or 
nucleotide analogues. Elements Z, and Z« are designed so that they 
spedficaUy interact, preferably by hybridization, with a given RNA substrate 
and. together with the active center Z^ and Z,. form a strucmre (preferably a 
struaure resembling that of a hammerhead ribozyme) which specifically 
cleaves the RNA substrate. 

The subunits of elements Z, and Z» can. on the one hand, be 
25 ribomiclcotides. However, U is preferred that the number of ribonucleotides 
be as smaU as possible since the presence of ribonucleotides reduces the in 
vivo stability of the oligomen. Elements Z, and Z, (and also the active 
center Z, and Z^ preferably do not contain any ribonucleotides at the 
positions contafaung pyrimidme nucleobases. Such positions preferably 
30 contain micleotide analogi es. 

The use of a large number of deoxyribonucleotides in elements Z, and 
Z4 is also less preferred since undesired interactions with proteins can occur 
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or an unintended RNase H-sensitive DNA-RNA hybrid could form. TTius. 
elements Z, and each preferably contain (1) no ribonucleotides, and (2) 
no sequences of more than 3 consecutive deoxyribonncleotides. 

The subunits of elements Z, and Z« are preferably nucleotides, 
nucleotide analogues, or a combination. Preferably, the nucleotides and 
nucleotide analogues in elements Z, and Z« each have the structore 

B 



D 




(D 



In structure (I) each B can be adenin-P-yl. cytosin-l-yl, guanin-9-yl. 
uracil-l-yl. utacfl-S-yl. hypoxamhin-9-yI, thymin-l-yl, 5-mcthylcytosin-l-yl. 
2.6-diaminopurin-9-yl. purin-9-yl. 7-dea2aadenin-9-yI, 7-dea2aguanin-9-yl. 5- 
propynylcytosin-l-yl, 5-propynyluraciH.yI. isoguanin-9-yl, 2-aminopurin-9- 
yl. 6-methyluracil-l-yl. 4-thiouracil-l-yl. Z-pyrimidone-l-yl. quinazoljne-2.4- 
dione-l-yl. xanthin-9-yl. N».dimethylguanin.9.yl or a functional equivalent 
thereof; 

Each V can be an O. S. NH, or CH, group. 

Each W can be -H, -OH. -COOH. -CONH,. -CONHR'. <:ONR«R^ 
-NH:. -NHR'. -NR>R^ -NHCOR'. -SH. SR'. -F. -ONH,. -ONHR'. - 
ONR»R». -NHOH. -NHOR'. -NRH)H, -NR^R'. substituted or unsubsdoited 
C,-C,o straight chain or branched aOyl, substimted or unsubstioited Ci-C,o 
straight chain or branched alkenyl, substimted or unsubstituted C,-C,o straight 
chain or branched alkynyl. substimted or unsubsthuted C,-C,a straight chain 
or branched alkoxy, substimted or unsubstimted C,^„ straight chain or 
branched allccnyloxy. and substituted or unsubstimted C,-C,o straight chain or 
branched alkynyloxy. The substituents fc-r W groups are mdependently 
halogen, cyano. amino, carboxy. ester, ether, caitoxamide. hydroxy, or 
menapto. R' and R» can be substimted or unsubstimted alkyl. alkenyl. or 
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alkynyl groups, where the substituents are independently halogen, cyano, 
amino, carboxy. ester, ether, carboxamide. hydroxy, or meicapto. 

D and E are residues which together form a phosphodiester or 
phosphorothioate diester bond between adjacent nucleosides or nucleoside 
analogues or togedier form an analogue of an mtemucleosidic bond. 

For elements Z, and Z, having nucleotide and/or nucleotide analogues 
of structure (1). it is preferred that each W is substimted or unsubstimted C,- 
C„ straight chain or branched alkoxy. CrC„ straight chain or branched 
alkenyloxy, or Cj-Cm straight chain or branched alkynylo:^.. 

In addition, the flanking elements Z, and Z, can also contoin nu- 
cleotide analogues such as peptide nucleic acids (also referred to as pepddie 
nucleic acids; see for example Nielsen a al.. Science 254:1497-1500 (1991), 
and Duehohn et al., J. Org. Chem. 59:5767-5773 (1994)). In this case the ' 
coupling of individual subuntts can, for example, be achieved by acid amide 
bonds. Hemems Z, and Z,. when based on peptide nucleic acids, can be 
coupled to elements Zj and Z,. based on nucleotides or micleotide analogues, 
ushig either suitable linkers (see. for exanq>le. Peteiscn a al., BioMed. 
Chem. Lea. 5:1119-1121 (1995)) or direct couplmg (Bergmamx et al.. 
Tetrahedron Lett. 36:6823^6 (1995)). Where elements Z, and Z. rontain 
a combination of nucleotides (and/or nucleotide analogues) and peptide 
nucleic acid, similar Ihikages can be used to couple tiie different parts. 

The subunits of die flanking elements Z, and Z4 contain nucleobases 
or nudeobase analogues which can hybridize or mteract witii micleobases diat 
occur namraUy in RNA molecules. The nucleobases are prefetably selected 
from naturaUy occurring bases (that is. adenine, guanme. cytosine. diymine 
and uracil) as weU as nideobase analogues, such as 2.6sliaminopurine, 
hypoxamhine. 5-metiiylcytosine, pseudouracU, 5-piopynyluraca. and 5- 
propyiqricytosine. which enable a qiecific binding to tiie target RNA. 

A strong and sequence-specific interaction (tiutt is. a more stable 
l^brid between die RNA substrate and die oUgomer) bstween die RNA 
substrate and elements Z, and Z, is preferred. For diis puipose. it is 
preferred Uiat die following nucleobase analogues be used in oligomeric 
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sequences of elements Z, and Z, in place of the standard nudcobases: 2.6- . 
diaminopurine instead of adenine; thymine or 5-propynyluracU instead of 
uracU: and 5-methylcyt05ine or 5-propynylcytosine instead of cytosine. 2- 
Amino.2'-0.aIkyladenosines are also preferred (Lamm et al.. Nucleic Acids 
5 Res. 19:3193-3198 (1991)). Furtl«nnorB. aromatic systems can be linked to 
positions 4. and 5 of uracil to produce nudeobase analogues such as 
phenoxazine. which can improve the stability of the double-strand (Lin et al,, 
J. Am. Chem. Soc. 117:3873-3874 (1995)). 

Preferred RNA substrates for cleavage by the disclosed compositions 
10 have the structure 

5*-Z«*-C»'-X"-Z,'-3', 
where Z,' and Z,' mteract wifli Z, and Z,. respectively, where C" is 
cytidme. and where X" is adenosine, guanosine, cytidine. or uridine, 
aeavage occurs 3' of X". Prcfiaably, X" is adenosine, cytidine. or uridine, 
more preferably X" is adenosine or cytidine. and most preferably X" is 
adenosine. Preferably. X'" (that is. the 3' nucleoside in A') is adenosme or 
guanosme. The target sites in substrates which can be cleaved by the 
disclosed compositions are distinct from target sites for previous hammerhead 
ribozymes since previous hammerhead ribozymes require a undine m position 
20 16.1 of the substrate. 

Position N'". which is the 3' most position present m Z«'. can be 
either a guanosme. adenpsme. cytidine, or uridine. It is preferred that N'" 
is either a guanosine, adenosine, or cytidine. It is more preferred that N'" 
is either guanosme or adenosine. It is most preiiirred that N*" is guanosme. 
Preferred substrates for cleavage by the disclosed compounds are those where 
N'" is guanosme, adenosine, or cytidme and X" is adenosine. More 
preferred substrates for cleavage by the disclosed compounds are those where 
N>« is guanosine or adenostoe and X" is adenosine. Most preferred 
substrates fbr cleavage by the disclosed compounds are those where N'« is 
30 guanosine and X" is adenosine. 

Flanking elements Z, and Z4 preferably contain, independently of each 
other, from 3 to 40. and more preferably from 5 to 10, nucleotides or 
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midcotide analogues. It is preferred that Z, and Z.' interact to form a stem 
of at least thtee base pairs, and that Z, and Z.' interact to foim a stem of at 
least three base pain. It is more piefened that these stems are adjacem to Z, 
and Z,. respectively. It is most preferable that Z, and Z,' interact to form a 
stem of more than three base pain, and that Z* and Z,' interao to forai a 
stem of more than three base pairs. 

Preferred RNA substrates are those that have Uttle inhibitory 
secondary structure associated with the target region of the RNA. There are 
a number of ways to determine which regions of an RNA molecule comain 
secondary structure, and would therefore be less preferred, and which regions 
of an RNA molecule have little secondary structure, and therefore, would be 
more preferred. Preferred methods for determining regions of single- 
stranded RNA are those that map the single-stranded regions of RNA by 
selectively reacting with or recognizing these regions. There are many 
chemicals (dimenthyi sulfate (DISS), diethylpyrocarbcnate (DEPC). cathoxal 
(CMCT), carbodiimides) which react with nitrogens at the Watsoii-Crick &ce 
of mideotides. Nucleotides mvolved in Watson-Crick base pairing show less 
reactivity with these chemicals than nucleotides which are not. Enzymatic 
reactions (using reverse transcriptase. RNase Tl. cobra venom miclease, 
nuclease SI. nuclease VI) with chemicaUy modified RNA create shortened 
oligomicleotides whose length is dependam on the base where the chemical 
reaction occuned. Since chemical reactions occur preferentially at the single 
stranded regidns of die RNA. these techniques indicate where the secondary 
stnicnne of the RNA is. For example, methods such as dimethyl sulfate and 
reverse transcrqrtion mapping mdicate regions of double-stranded RNA. 
Reverse tauucriptase under the appropriate conditions is unable to process 
ttoough regions of double-stranded RNA. and therefore, there are abortive 
transcripts which when analyzed by polyaciylamide gel electrophoresis 
(PAGE) indicate where in the RNA regions of strong secondary strucnue 
exist Examples of these methods are described!^ Kumar «f a/.. 
Biochemistry 33(2):583-592 (1994). Mandiyan and Boublik. Nucleic Acids 
Res. 18(23):7055.7062 (1990). Bemal and Garcia-Arenal. UNA 3(9): 1052- 
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1067 (1997). and Ehiesmann et al.. Nucleic Acids Res. 15(22) -9 109-9128 
(1987). 

Another method which assesses which regions of RNA are single- 
stranded is RNase H mapping. In this method, short, random DNA 
oligonucleotides are synthesized and mixed widi the taiBet RNA. Regions of 
easy accessibility are hybridized with the short DNA molecules. Tbc DNA- 
RNA hybrid regions are then cleaved by RNase H. The labeled RNA 
molecule can then be analyzed by PAGE. By comparing the cleaved 
molecules with a sequencing h«lder, the regions of single-stranded DNA can 
be inferred. Ejtaiiples of this method are described by Ho er a/., Nature 
Biotechnology 16:59-63 (1998). and in U.S. Patent No. 5.525.468 to 
McSwiggen. 

In vitro selection experiments (Szostak, UBS 19:89-93 (1992)) can 
also be performed to determine the accessible single-stranded regions of 
RNA. For example, die target RNA can be mixed with random DNA 
oligomideotides that contain primer binding regions which can be used for 
PGR amplification. Amplification and reselecUon in an iterative numner wffl 
allow for enrichment of those DNA sequences which are capable of binding 
the RNA. This idettifies the regions of the RNA which are accessible for 
oligomideotide hybridization. The selection or emichment step can be any 
size selection or double-stranded nucleic acid separation technique. For 
example. Sephadex column chromougraphy wiU separate die large, bound 
DNA:RNA complexes and the small unbound DNA molecules, or 
nitroceUulose filtration will retain die bound RNA while die unbound DNA 
25 molecules will How tiaough. 

There are also a number of metiiods for optimizing die oligomers for 
a given substrate. For example, position N^ of die oUgomers. which has no 
specific sequence requinaients. can be changed to help minhnize die 
possibility of unwanted secondary sttucure in die oUgomers designed for a 
given target sequence. Also specific base modifications, such as 7^ieaza- 
guanosine or 7-deaza.adenosnie, can be utilized in regions having a number 
of guanosmes or adenosmes to prevent unwanted purinc:purinc interactions. 
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Similar substitutions can be accomplislied by introducing inosinc into 
guanosine rich regions, that may be present for example in regions Z- or V 
of the catalytic oligomer. 
Catalytic Core 

Elements and Z, art considered to form the catalytic core of the 
disclosed compositions, and are preferably made up of nucleotide analogues 
and a smaU number of ribonucleotides. In elements Z, and Z, it is pirferred 
that each W (in stiucmre (I)) is C,^ straight chain or branched alkyl, C,<:, 
straight chain or branched alkenyl. C,^ straight chain or branched alkynyl.' 

C,-C, straight chain or branched alkoxy/C,^:, straight chain or branch ' 
alkenyloxy. and C-C, straight chain or branched Q-C, alkynyioxy. It is also 
preferred that in each X'. X^ ^ and W is NH,. OH-substimted C,-C, 
alkyl. OH.subsdoited C^-C, alkenyl. OH-substitated Q-C, altoxy or OH- 
substituted CrZ, alkeiiyloxy. It is more preferred that in each X». », T 
and X*". W is NH,. methoxy. 2-hydroxyethoxy. aflyloxy or aUyl.' It is also 
preferred that in X« Wis -H or ^H. It is also preferred that in each X" 
and X'*. W is C..C, alkyl. C,^, alk«yl. C.-C, alkoxy. Q-C, alkenyloxy. 
OH-substimted C-C, alkyl. OH-substimted q-C, alkenyl. OH-substimted C,- 
Q alkoxy. or OH-substimted Q-C, alkenyloxy. It is more preferred that in 
each X» and X'\ W is methoxy. 2-hydroxyethoxy or aUyloxy. 

The subunits in elements Z, and Z, are preferably nucleotide 
analogues which can only hybridize weakly with ribomicleofides. Examples 
of such subunits are micleotide analogues that comain a substimted or 
unsubstitoted alkyl. alkenyl, alkynyl. alkoxy. alkenyloxy or alkynyioxy 
gnwp. with preferably 1 to 5 carbon atoms, at the 2' position of rflxjse. 

Preferred nncleobases which can be used m elements Z, and Z, for this 
purpose are adenin-lJ-yl. purin-9-yl. macfl-l-yi. cytosin-l-yl. guanin-9-yl and 
lqrpoxanthin-9-yl. 

The following nucleotides and nucleotide analogues are preferred for 
element Zj (referring to components of structure (I)): 

PosiUon X': B = cytosin-l-yl. V = 0. W - allyloxy; B » cytosin-l- 
yU V = 0, W » ally!; 
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Position X^: B « uracU-l-yl. V = 0. W = aUyioxy; B = uncii-l-yl. 

V a 0. W = allyl; B = uradl-l-yl, V = 0, W = OH; 

Position JC: B = guanin-D-yl. V = 0. W - amino; B = guanin-Q-yl 

V - 0. W - OH: 

5 Position X*: B » adenin.9-yl. V = 0. W - H; B - purin-9.yl. V = 

0. W = OH; B « adeain-9.yl, V = 0, W = OH; 

Position r: B - uneil-l-yl, V = 0. W - allyloxy; B = cytosin-l- 
yl, V ■ 0, W » aUyl; 

Position X«: B = guaninr9-yl, V = 0. W » amino; B = 
10 hypoxamhin.9.yl. V - O. W = OH; B - guaiiia.9-yl. V = 0. W - OH; 

Position X*: B « adcnin-9-yI. V = 0. W = H; B - puriri.9-yl. v'= 
0. W - OH; B = adenin-9-yl. V - 0, W « aUytoxy. 

The following nucleotides and nucleotide analogues are prefened for 
element Zj (referring to conqwnents of structure (I)): 

Position X«: B = guaniib9-yl. V = 0. W = H; B = 7sleazaguanin- 
9-yl. V = 0. W " OH; B » gtianin-9-yl, V » O. W » OH; 

Position X»: B = adenin-9.yl. V = 0. W = allyloxy; or B = 
adenin-9.yl,.V = 0. W = 2-hydroxyethoxy: B = purin-9-yI. V = 0. W » 
allyloxy; 

Position X'*: B = adenin-9.yl. V - 0. W « allyloxy; B - purin-9. 
yl. V = O. W = OH; B - adenii>.9.yl. V = O. W - 2-hydroxycthoxy; B 
= purin-9-yl, V - O, W = allyloxy; 

Position X" ': B » liypoxanlhin-9.yI or a fimctional equivalent 
thereof, V = 0, W = OH. 

Elements Z, and Z, interact in a way that aUows for the formation of 
a catalytk strucnire. In preferred compositions Z, and Z, interact in a way 
tiut allows for tiie foimation of a catalytic structure resembling a 
hammerhead catalytic strucnire. One way Z, and Z, can interact to form a 
catalytic structure is tiirough the interaction of the nucleotides and/or 
mideotide analogues making up Z, and Z,. The disclosed compositions have 
an RNA cleaving activity independem of RNase H. That is, Uic disclosed 
compositions are able to cause cleavage of an RNA substrate without 
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involving RNase H. Although the disclosed compositions tnay also be 
capable of pramoting cleavage of RNA by RNase H. it is preferred that they 



do not. 



Desired interaction between Z, and Z, is preferably enhanced by 
coupling Clements to the 3 '-end of Z, and/or the 5'-end of Z,. A single 
element (referred to herein as can be used in this way to covalently 
couple dements Z, and Z,. The structure of such a form of the disclosed 
compositions would be 5'-Z..Z,.ZrZ,-Zr3'. Separate elements (referred to 
herein as Z. and Z,) can be coupled to Z, and Z, which preferably interact 
(non^ovalently) to stabilize or otherwise enhance the interaction of elements 
Z, and Z,. Component (a) of a composition of this form would have die 
structure 5'.Z,.Z,-Zr3'. and component (b) would have the structure 5'-Z^ 
Zr2;-3-. ^ 

It is preferred that elements Z,, Z, and Z, are oligomeric sequences, 
non-nucleotide linkers, or a combination of oligomeric sequences and non- 
nucleotide linkers. It is more preferred that elemems Z,. Z. and Z, are 
oligomeric sequences. It is most preferred that these oligomeric sequences 
interact to form an intramolecular stem (in the case of Z^ or an 
intennolecutar stem (in the case of Z» and Z,). Such stems preferably 
contain from 2 to 30 base pairs, and are preferably contimious (that is. 
lacking unpaired bases). Elements Z,. Z. and Z, preferably are comprised of 
nucleotides, nucleotide analogues, or both, or are oligonucleotide analogues. 

It is preferred that Z, interacts with itself m such a way as to stabilize the 
interactions between Z, and Z,. Similarly, tt is preferred that Z, interart 

with Z, in such a way as to stabilize the interactions between Z, and Z,. Itis 
preferred that elements are oligomeric sequences made up of nucleotides 
and/or micleotide analogues, oligomideotide analogues, or a combination, 
which are able to Iqrbridize widi each other. 

Element Z, can serve as a covalent linker coupling the 3' end of Z, to 
the 5- end of Z,. Hement Z, is preferably made up of either non-nucleotide 
molecules such as polyethylene glycol, or oligomeric sequences, including 
nucleotides, nucleotide analogues and oligonudeotWe analogues, or a 
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combination of nucleotides, nucleotide analogues and oligonucleotide 
analogues. A preferred form of element Z, is made up of nucleotides, 
nucleotide analogues, oligomicleotide analogues, or a combination of ' 
nucleotides and nucleotide analogues which are able to interact 
intramolecularly to form a stein-loop strucmre. A piefcrred stem-loop 
sttnctnrc for element Z, is one containing from 2 to 30 base pain. 

A preferred embodimem of the disclosed compositions is 5'-Z,-Z,-Zr 
2rZ,-y where all of the nucleotides are eitiier 2'-0-allyl.ribonucleotides or 
2*-0-methyl-ribonucleotides except for positions 5C*. X*. X*. X*. X" X" ' 
which are ribonucleotides unmodified at the 2* position (W = OH). 

Another preferred embodhnent of the disclosed compositions is 5'-Z,- 
Z,-Z5-Zj-Z4-3' where all of the nucleotides are eidier 2'-0-alIyl- 
ribonucleotides or 2'-0-methyl.ribonucleotides except for positions X». X«. 
X«. X». X" ' which ate ribonucleotides unmodified at the 2' position (W 1 
15 OH). 

Another preferred embodiment of the disclosed compositions is a 
composition made up of components (a) and (b) as described above where 
conponent (a) is 5'-Z,-ZrZ, -3' and component (b) is 5'-ZrZ,-Z,-3\ where 
aU of tiie miclcotides are either 2--0.aUyl-ribomicIeotides or 2'-0-medjyl. 
ribonucleotides except for positions X\ X». X*. X". X« X" ' which are 
ribonucleotides unmodified at die 2' position (W « OH). 

Another preferred embodhnent of tiw disclosed compositions is a 
composition made up of components (a) and (b) as described above where 
component (a) is 5'.Z,-ZrZ, -3' and component (b) is 5'.ZrZ,.Z.-3-. where 
all of the nucleotides are eitiier 2*-0-allyl-ribonucleotides or 2'^mcdiyl. 
ribonuclwtides except for positions X*. X«. X*. X«. X« > which are 
ribonucleotides unmodified at tiie 2* position (W = OH), 

A preferred form of tbt disclosed composition is one in which tiiere is 
a G added to die 3- end of Z,. Taira and co-workers (Amontov and Taira. J. 
Am. Chm. &c. 118:1624-1628 (1996)) have shown tiiat die stecking energy 
gained from a guanosme juxtaposed to R» of a hammerhead-like ribozyme 
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stabilizes the fomution of a catalytic structure. Thus, it is preferred that the 
5' nucleotide of Z, is G. 

The 3' end of the disclosed compositions can be protected against 
degradation by exonucleases by. for cMinple. using a nucleodde analogue 
that is modified at the 3' position of the ribose sugar (for example, by 
inchiding a substituted or unsubstimted allcyl. alkoxy, allmiyl. alkcnyloxy. al- 
kynyl or alkynyloxy group as defined above). The disclosed compositions 
can also be stabilized agamst degradation at die 3* end by exonucleases by 
inctodmg a S'-S'-linlced dunicleotide structure (Ortigao et al.. Amisense 
Research and Development 2:129-146 (1992)) and/or two modified phospho 
bonds, such as two phosphorodiioate bonds. 

The disclosed compositions can also be linked to a prostiietic group in 
order to unprove their ceUular uptake and/or to enable a specific cellular 
localization. Examples of such prostiietic groups are polyamino acids (for 
«ample, polylysine), lipids, hormones or peptides; These prosthetic groups 
are usually linked via die 3' or 5* end of ti>e oligomer eidier direcdy or by 
means of suitable linkers (for example. Imkers based on 6-aninohexanol or 
6-mercaptohexanoI). These linkers are commeicially available and 
techniques suitable for Unking prostiietic groups to die oligomer are known to 
20 a person skilled in die art. 

Increasing die rate of hybridization can be important for die biological 
activity of die disclosed compositions since in diis way U is possible to 
achieve a higher activity at low concentntions of die composWon. This is 
important for ahort-Uved RNA substrates or RNA substrates diat occur less 
often. A substantial accelention of die hybridization can be achieved by. for 
example, coupling positively chaiged peptides (containing, for example, 
several lysine residues) to die end of an oligonucleotide (Corey J. Am. Oiem. 
Soc. 117:9373-9374 (1995)). TTie disclosed compositions can be simply 
modified in diis ihanner usmg die linkers described above. Alternatively, flic 
rate of hybridization can also be mcreased by mcorporation of subunits which 
contain sperminyl resklues (Schmid and Behr, Tarahedron Lett. 36:1447- 



25 



30 



22 



wo 98/58058 

PCT/US98/12663 



1450 (1995)). Such modifications of the disclosed compositions also improve 
the ability to bind to RNA substrates having secondary structures. 
Synthesis of Oligomers 

The disclosed compositions can be synthesized using any suitable 
5 method. Many synthesis methods are known. The following techniques are 
preferred for synthesis of the disclosed con^)ositibns, 2*-0-Allyl modified 
oligomcn that contain residual purine ribonucleotides, and bearing a suitable 
3*-tcrminus such as an inverted thymidme residue (Ordgao et al., Antisense 
Research and Development 2:129-146 (1992)) or two phosphorothioate 

10 liniages at the 3'-terminus to prevent eventual degradation by 3*- 
exonuclcases, can be synthesized by solid phase /!-cyanoethyl 
phosphoiamidite chemistry (Smha et at., Nucleic Acids Res. 12:4539-4557 
(1984)) on any commercially available DNA/RNA synthesizer. A preferred 
method is the 2*-0^tf/T-butyldmiethylsilyl (TBDMS) protection strategy for 

15 the ribonucleotides GJsman etal..J.AnL Chem, Soc. 109:7845-7854 
(1987)), and all the required 3'-0-pho8phoramidites are commerciaUy 
available. In addition, the use of aminomethylpolystyrcM is preferred as the 
support material due to its advantageous properties (McCoUum and Andrus 
Tetrahedron UUers 32:4069-4072 (1991)). Huorescein can be added to the 

20 5'-cnd of a substrate RNA during the synthesis by using commercially 

avaUable fluorescem phosphoiamidites. In general, a desired oligomer can 
be synthesized using a standard RNA cycle. Upon completion of the 
assembly, all base labile protectuig groups are removed by an 8 hour 
treatment at 55 "C wiA concentrated aqueous anomonia/ethanol (3:1 v/v) in a 

25 sealed vial. The ethanol suppresses premattire removal of the 2*-0-TBDMS 
groups which would otherwise lead to ^reciabk strand cleavage at the 
resulting ribonucleotide positions under the basic condidons of the 
deprotection (Usman «r a/., J.Am. Chenu Soc. 109:7845-7854 (1987)). 
After lyophilization the TBDMS protected oligomer is treated with a mixture 

30 of triethy k mine trihydrofluoridc/triethyhunine/N-inethylpyrrolidinone for 2 
hours at 60*C to afford fast and efficient removal of the silyl protecting 
groups under neuttal conditions (Wincott et al.. Nucleic Acids Res. 23:2677- 
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2684 (1995)). The fully depiotected oligomer can then be precipitated with 
butanol acconling to the procedure of Cafliala and Brunei (Nucleic Acids Res. 
18:201 (1990)). Purification can be performed either by denaturing 
polyaciylamide gel electrophoresis or by a combmation of ion^xchange 
HPLC (Sproat et at., NucUosides and Nucleotides 14:255-273 (1995)) and 
reversed phase HPLC. For use in cells. U is preferred that synthesized 
oligomers be converted to dieir sodmm salts by precipitation with sodhun 
pcrchlonue in acetone. Traces of residual salts are then preferably removed 
using smaU disposable gel filtration columns that art commercially available. 
As a final step it is preferred that the authenticity of die isolated oligomers is 
checked by matrix assisted laser desorption mass spcctromeoy (Pieles et al 
NucUic Adds Res. 21:3191-3196 (1993)) and by mttleoside base composition 
analysis. In addition, a functional cleavage test with the oligomer on the 
corresponding chcmicaUy symfaesized shon oligoribomideotide substrate is 
15 also preferred. 

Cleavage of RNA Substrates 

The disclosed compositions have a very high i« vivo activity since die 
RNA cleavage is promoted by protein fiicton tiiat are present m die nucleus 
or cytoplasm of die cell. Examples of such proiem factors which can 
increase die activity of hammerhead ribozymes are. for example, die 
nucleocapsid protein NCp7 of mvi (MflUer etal.. J. MoL Biol. 242:472- 
429 (1994)) and die heterogeneous nuclear ribonuclcoprotein Al (Heidemeich 
««/..M«rfe/c^Jto. 23:2223-2228 (1995)). THus. long RNA transcripts 
can be cleaved effidenfly witiim die ceU by d* disclosed compositions. 

The disclosed conqxMitions can be used in pharmaceutical 
compositions diat contain one or several oligomen as die active substance, 
and, optionally, phannaceutically acceptable auxiliary substances, additives 
and carriers. Such pharmaceutical compositions are suitable for die produc- 
tion of an agent to specifically inactivate die expression of genes in eukary- 
otes. prokaiyotes and vinises. especiaUy of human genes such as nimor genes 
or viral genes or RNA molecules in a cell. Furdier areas of application are 
tiie inactivation of die expression of plam genes or insect genes. TTius. die 
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disclosed compositions can be used as drugs for humans and animals as weU 
as a pesticide for plants. 

A variety of methods are available for dcUvering the disclosed 
compositions to cells. For e«unple. in general, the disclosed compositions 
can be incorporated within or on microparticles. As used herem. 
miaoparticles include liposomes, virosomes. microspheres and micixxapsules 
formed of synthetic and/or natural polymers. Methods for making 
nucrocapsules and microspheres are known to those skilled m the art and 
inchide solvent evaporation, solvent casting, spray drying and solvent 
extension. Examples of useftil polymers which can be incorporated into 
various micropankles include polysaccharides, polyanhydrides. 
polyorthoestera, polyhydroxides and proteins and peptides. 

Liposomes can be produced by standard methods such as those 
reported by Kim ef a/.. Biochinu Biophys. Acta. 728:339-348 (1983); liu a 
oL. Biodiim. Biophys. Acta, 1104:95-101 (1992); and Lee etal., Bhchim. 
Biophys. Acta., 1103:185-197 (1992); Wang « a/.. Biochm.. 28:9508-9514 
(1989)). Such mediods have been used to deliver nucleic acid molecules to 
the nucleus and cytoplasm of cells of the MOLT-S leukemia ceU line ClWerry 
and Dritschilo. Nucl. Acids Res.. 20:5691-5698 (1992)). Alternatively, the 
disclosed compositions can be mcorporated within microparticles. or bound to 
the outside of tiie microparticles, either lonicaUy or covalentiy. 

Cationic liposomes or microcapsules are microparticles that are 
particularly usefiil for delivering negatively charged compounds such as tiie 
disclosed compomxis. which can bmd ionicaUy to the positively charged outer 
surface of tiiese liposomes. Various cationic liposomes have previously been 
shown to be very effective at delivering mideic acids or mideic acid-protein 
complexes to cells botii m vfm, and m vfw, as reported by Feigner a at.. 
Proc. Natl. Acad. Sd. USA. 84:7413-7417 (1987): Feigner. Advanced Drug 
Delivery Reviews. 5:163-187 (1990); Qarenc et al.. Anti-Cancer Drug 
Design. 8:81-94 (1993). Cationic llposcmes or microcapsules can be 
prepared using mixtures uichiding one or more lipids containing a cationic 
side group in a sufficient quantity such tint tiie liposomes or microcapsules 
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formed from the mixture possess a net positive cl«ige which wiU ionically 
bmd negatively charged compounds. Examples of positively charged lipids 
that may be used to produce cationic liposomes inchide the aminolipid 
dioleoyl phosphatidyl ethanolamine (PE). which possesses a positively 
5 charged primary amino head group; phosphatidylcholine (PC), which possess 
positively charged head groups that are not primary amines: and N[I<2 3- 
dioleyloxy)propyl].N.N.N-triethylammonhm» CDOTMA." see Feigner « al 
Proc. Natl. Acad. Sci USA, 84:7413-7417 (1987); Feigner Nature 

337:387-388 (1989); Feigner. AAmced Drug Delivery Reviews, 5-163-187 
10 (1990)). 

A prefened form of micropaiticle for delivery of the disclosed 
compositions are heme-bearingmicroparticles. In these microparticles. heme 
IS intercalated into or covalcntly conjugated to the outer surfijce of die 
microparticles. Heme-bearing microparticles offer an advantage in that since 
they are piefeientiaUy bound and taktn up by cells tiuit e:q,res8 die heme 
receptor, such as hepatocytes. the amount of drug required for an effective 
dose is significamly reduced. Such targeted dcUvery may also reduce 
systemic side effects that can arise ftom using relatively high drug 
concemrations in non^argeted delivery methods. Prefened lipids for fbnning 
heme-bearing micioparticles are 1.2^lioleoyloxy.3.(trimethylammonhim) 
propane (DOTAP) and dioleoyl phosphatidyl ethanolamine (DOPE). TTic 
production and use of heme-bearing microparticles are described in PCT 
WUcation WO 95/27480 by Innovir. 

The disclosed compositions can also be encapsulated by or coated on 
cationic liposomes which can be injected intravenously into a mammal. ITus 

system has been used to introduce DNA into the cells of multiple tissues of 
adult mice, inchiding endoduslhim and bone marrow, where hematopoietic 
cells reside (see, for example, Zhu etal,. Science, 261:209-211 (1993)). 

Liposomes containing the disclosed compositions can be administered 
systemically. for example, by intravenous or intraperito leal administration, in 
an amount effective for delivery of tiie disclosed compositions to targeted 
cells. Otiier possible routes include trans-dermal or oral, when used in 
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conjunction with appropriate microparticles. Generally, the total amount of 
the liposome-associated oligomer administered to an individual wlU be less 
than the amoum of die unassociaied oligomer that must be administered for 
the same desired or intended effect. 

Compositions including various polymers such as the polylactic acid 
and polyglycolic acid copolymers, polyethylene, and polyorthoesters and the 
disclosed compositions can be dcUveied locaUy to the appropriate cells by 
usmg a catiieter or syringe. Odier means of delivering such compositions 
locaUy to ceUs inchide using infusion pumps (for example, from Alza 
Corporation. Palo Aho, California) or incorporating Ae compositions into 
polymeric implants (see. for example. Johnson and Uoyd-Jones. eds.. Drug 
DeUver, System (Chichester. England: Ellis Horwood Ltd.. 1987). which 
can effect a sustained release of die dieiapeutie compositions to the 
inunediate area of die implant, 

For dterapeutic applications die active substance is preferably 
administered at a concentration of 0.01 to 10.000 ^g/kg body weight, more 
prefenblyof0.1 to 1000 Mg/kg body weight. The administration can, for 
example, be carried out by injection, inhalation (for example as an aerosol), 
as a spray. otaUy (for example as tablets, capsules, coated tablets etc.). 
topicaUy or rectally (for example as suppositories). 

The disclosed compositions can be used m a mediod for die specific 
inactivation of die expression of genes in which an active concentration of die 
composition is taken up into a ceU so duit die composition specifically cleaves 
a piedeleimined RNA molecule which is present in die ceU. die cleavage 
preferably occurring catalytically. Similar compositions, which are described 
in U.S. Patent No. 5.334.711. have been used successfoUy in mice to 
inactivate a gene (Lyngstadaas et ai.. EMBO J. 14:5224-5229 (1995)). This 
process can be carried out « wifro on ceU cultures as well as in vivo on livmg 
organisms (piokaiyotes or eukaryotes such as humans, ammals or plants). 

The disclosed compositions can also be used as RNA restrictito 
enzymes to cleave RNA molecules (in. for example, cell htt in vitro 
reactions). The disclosed compositions can also be used in a reagent kit for 
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the restriction cleavage of RNA molecules which contains, for example an 
oligomer and suitable buffer substances. In this case the oligomer and the 
buffer substances can be present in the fonn of sohitions. suspensions or 
soUds such as powders or lyophilisates. Tbt reagents can be present 
together, separated from one another or optionally also on a suitable carrier 
The disclosed compositions can also be used as a diagnostic agent or to 
identify the ftmction of unknown genes. 

The present invemion wiU be further understood by reference to the 
following non-lunidng examples. 

Examples 

Example 1: Cleavage reactions which indicate that an inosine 
substitutbn at position IS.l can eCTectiTely cleave 
Ni«C>«-«H". 

A set of 12 substrates was synthesized which covered each 

permutation of fl«N'"C»-'H" motif where H»i3 not guanosme. Tbc 
oligomers and the correspondmg substrates used m the cleavage assays are 

shown in Table 1. Each of the substrates was labeled with fluorescem at the 
5'endandanmvcrtcdthymidmecapwasusedonthe3-^. Asetoffour 
catalytic oligomers was synthesiied. providmg an appropriately matched 
catalytic oUgomer for each of the substrates. Each of these catalytic 
oligomers had an inosine at position 15.1. A comrol substrate and catalytic 
oligomer were also synthesized in which there was a U at position 16.1 of 
the substrate and an A at position 15.1 of die catalytic oligomer. 
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Table 1 

N'"N'*-'H" 

Triplet Substrate sequence 

ACC F1-GAAUACCGGUCGC*T (SEQ ID NO-4) 

ACA n-GAAUACAC3GUC(3C*T SEQmNoi 

ACU FI-GAAUACUGGUCX}C*T (SEQ ID NO:*? 

GCC H-GAAUGCCGGUCGCn- (SEQ ID NO T) 

GCA F1^AAUGCAGGUCGC*T SEqESSS 

GCU FI-GAAUGCUGGUCGC*T (SEQENolS 

CCC F1^AAUCCCGGUCXX:*T (SEQ ID NO lO) 

CCA Fl^AAUCCAGGUCGCT S^mSaJn 

ecu F1-GAAUCCUGGUCGC«T (sj^mNoii") 

UCC F1-GAAUUCCGGUCGC*T (SEOlDNOn^ 

UCA Fl-GAAUUCAGGUCGC-r S S Na'S 

UCU FI-GAAUUCUGGUCGCT (SEQ^NoilS 

GUC FI^AAUGUCGGUCGC*T (SEQ ID N0:16) 

Targeted 

triplet Catalytic oligomer sequence 

gcgacccuGAuGaggccgagaggccGaaluauuc*T (SEQIDNO-17) 

gcgacccuGAuGaggccgugaggccGaalcauucrr (SEQ ID NO- 18) 

gcgacccuGAuGaggccgugaggccGaaIgauuc*T (SEQ ID NO-19) 

gcgacccuGAuGaggccgugaggccGaaXaauucT (SEQ ID N0:20) 

GUC gcgacccuGAuGaggccgupggccGaaAcauucT (SEQ ID N0:21) 

Fl a Fluorescein label 

*T = 3'-3' inverted thymidine 

A, C, G, I, U a ribonucleotides (I is inosine) 

a. c, g. u a 2'-0^yI.riboDucIeotides 

The above substrates and catalytic oligomers were used in cleavage 
reactions to detenninc the ability of an inosine at position 15.1 to overcome 
the requirement of a U at position 16.1 for cleavage. AU of the reactions 
were perfonncd using the following protocol. The reactions were typically 
done in 100 Ml and they contamed distflled. autoclaved HA 10 mM MgCl,. 

10 mM Tris-HCI pH 7.4, 5 /iM ribozyme. and 0.25 /.M substrate. TTie 
catalytic oligomer, substrate, and bufEa: were added together and heated to 
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95»C for 5 minutes. After cooling to room temperature over 5 minutes the 
reactions were brought to 10 mM MgCl, . mixed, and placed at 37»C. 10 
HL aliquots were removed at specific time intervals (10. 30. 60. and 120 
mimitcs) and added to 3 Ml of loadmg buffer (9556 fonnamide, 100 mM 

5 EDTA pH 8.0. 0.05% bromophcnol blue) to quench the reaction. Samples 
were analyzed by 20% polyacrylamide gel dectrophoresis. Gds were 
analyzed on a Molecular Dynamics Huoresccncc Imager. The results of 
cleavage reactions of this type, using the substrates and catalytic oligomers 
shown in Table 1, are shown m Table 2. 
10 Table 2 

N»^N"-'H" After 

Triplet mixing 10 30 60 120 
15 I" ' U"-» Catalytic oligomer 

ACC 4.4 28.2 58.1 91.5 91.5 



20 



40 



ACA 7.7 71.8 84.7 

ACU 1.8 



93.1 94.8 
58.7 70.5 



I"-" C"-» Catalytic oligomer 

39.6 59.9 82.0 87.0 

25 ^ ^^-^ 89-7 93.1 

^ ^ - 64.3 74.8 

I" ' G"* Catalytic oligomer 

30 pS9 ,7 34.33 45.38 

cai Ji 70.8 80.63 

20 28.4 36.7 

I" ' A"-» Catalytic oligomer 

• «-8 57.0 64.7 



UCA 1.6 
UCU 3.3 



39.6 60.8 
41.1 53.1 



A" « C"'* Catalytic oligomer 

GUC 1.6 38.5 66.5 93.5 
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The numbers represent the percentage of substrate cleaved at the 
indicated time point (which were at 0. 10. 30. 60. and 120 mirrutes after 
starting the reaction). TTie results indicate that substrates with a C at position 
16.1 are able to be cleaved by catalytic oligomers containing an I at position 
5 15.1. While diere are differences between the various substrates at the 120 
minute time point, die data show that a substrate with a C at position 16.1 in 
conjunction with a catalytic oligomer with an I at position 15.1 is able to 
eflectively cleave in all backgrounds, indicating that the substimtion of an I at 
position 15. 1 does m ftct allow for the cleavage of any q>propriate substrate 
10 containiitg a N*"C»*-'H" site. 

Initial rates of cleavage of the twelve substrates having C'<-'. and the 
control substrate having U'* '. by the corresponding catalytic oligomers (all 
shown m Table 1) were determined using single nimover kinetics. Shigie 
turnover kinetics were assessed by mixing 2.5 /d of a 100 ^ ribozyme 
solution, 2.5 Ad of a 10 mM sohition of 5* fluorescein labeled substrate, and 
10 Ml of a 100 mM Tris-HCl pH 7.4 sohition. The mimire was diluted to a 
final volume of 90 /d. heated to 95-C for 5 mmutes. and cooled to 37»C. 
The reaction was started by adding 10 ^1 of a 100 mM MgCl, solution. The 
final concentrations of the reaction components were 250 nM substrate, 2.5 
taool ribozyme. and 10 mM MgCl,. Ten microliter samples were removed 
at various times and mixed widi 10 ^1 of a 100 mM EDTA. bromphenol blue 
solution to stop the reaction. Qeavage products were separated from 
unreacted substrate by PAGE and were quamitated on a Molecular Dynamics 
Fhiorescence Imager. 

The data, measured in fraction of substrate cleaved versus time, were 
fitted to the equation: 

ft»c[P] = Ho(l-e"»>0/So 
as described by Jankowsky and Schwcnzer. NucL Acids Res. 24:433 (1996). 
TTie calculated vahies of k, for the various ribozymcs are shown in Table 3. 
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Table 3 

Triplet 

gcgacccuGAuGaggccgugaggccGaaluauuc*? (SEQ ID N0;17) 

1^ (miBf') Substrate sequence 

ACC 0.07 F1-GAAUACCGGUCGC*T (SEQ ID NO-4) 

ACA 0.36 F1-GAAUACAGGUCGC*T (SEQ ID NO-5) 

ACU 0.026 H-GAAUACUGGUCGC*T (SEQ ID N0:'6) 

gcgacccuGAuGaggccgugaggccGaaIcauuc*T (SEQ ID NO: 18) 

Ici (min'') Substrate sequence 

IS n?? i'll H^AAUGCCGGUCGCT (SEQ ID N0:7) 

n i! Fl-GAAUGCAGGUCGCT (SEQ ID N0:8) 

ecu 0.05 F1-GAAUGCUGGUCGC*T (SEQ ID N0:9) 

gcgacccuGAuGaggccgugaggccGaaIgauuc*T (SEQ ID NO: 19) 

^ kjdnin') Substrate sequence 

< 0.01 FI-GAAUCCCGGUCGC*T (SEQ ID NO: 10) 

CCA 0.04 Fl-GAAUCCAGGUCGC-T (SEQ ID N0:11) 

ecu <0.01 H-GAAUCCUGGUCGC-T (SEQ ID N0:12) 

25 gcgacccaGAuGaggccgugaggccGaalaauuCT (SEQ ID NO:20) 

k, (minr') Substrate sequence 

UCC <0.01 H-GAAUUCCGGUCGC*T (SEQ ID NO- 13) 

an ttS^ FI-GAAUUCAGGUCGC*T (SEQ ID N0:14) 

30 UCU <0.01 H-GAAUUCUGGUCGCT(SEQIDN0:15) 

8CgacccuGAnGaggccgugaggccGaaAcauuc*T (SEQ ID N0:21) 

a« r^TTo ^ ^""^'^ Substrate sequence 

35 GUC 0.13 H-GAAUGUCGGUCGC*T(SEQIDN0:16) 

Fl ■> Fluorescein labd 
*T m y.y inverted thymidine 
A, C, G, I, U = ribonucleotides (I is inosine) 
^ a, c, g, u = 2'-0-ailyl-ribonucleotides 

The results show diat substrates with A"-*C"-'H" and G'^-^'*-'!!" 
triplets are cleaved at a high rate. Comparison to the control catalytic 
oligomer having an A at position 15.1 (to cleave a substrate with a 
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Gi6^i6.iQi7 triplet) Shows that substrates with A"-^" »A" and G'*-^'*-»A" 
triplets (to be cleaved by a catalytic oligomer with an I at position 15.1) have 
an initial rate of cleavage that is higher than the correspondmg control 
reacdons involving reactants with a standard A*^-*-U**-* base pair. 
Example 2: Rate of cleavage at GCH and ACH triplets by catalytic 
oligomers containing only ribonucleotides 
Cleavage of substrate RNA by all-ribonucleotide vensions of oUgomcrs 
(no modifications) designed to cleave GCH and ACH triplets was assessed. 
The oligomers used were SEQ ID NO: 17 (cleaves after ACH triplets) (Table 
1) and SEQ ID NO: 18 (cleaves after GCH triplets) (Table 1). The 
corresponding short Huorescent labelled substrates. SEQ ID NOS:4, 5, and 6 
(coniaining ACH triplets) (Table 1) and SEQ ID N0S:7, 8. and 9 (coiLaining 
GCH triplets) (Table 1) were used with catalytic oligomers SEQ ID NO: 17 
and SEQ ID N0:18 respectively. 

The reactions were performed under smgle-tumover kmetic 
conditions, using 2.5 mM catalytic oligomer and 250 nM substrate, bodi at 
pH 6,0 ta the presence of 10 mM Mg»+ and also at pH 7.4 m die presence of 
1 mM Mg2+. All otfier reaction conditions were as in Example L 

The data were analyzed as in Example 1. The kj values for die 6 
combinations of all-ribonucleotide catalytic oUgomer and corresponding 
substrates are shown in Table 4. 

Table 4 

^2 (min)'" 

Triplet pH 6.0; 10 mM Mg»* pH 7.4; 1 mM Mg»* 

GCA 0.39 2 32 

GCC 0.18 2S 

^ . 0.03 Ifo 

30 ACA 0.41 1 12 

• 0-^^ 0:7? 

0.02 0.06 
The aU ribonucleotide oligomers targeting GCA. GCC, ACA, and ACC sites 
have a higher rate of cleavage dian die aU ribonucleotide oligomers targeting 
GCU or ACU sites. Furtiiermorc, Table 4 indicates tiie cleavage activity is 
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very high in the presence of 1 mM This level of Mg»- is similar to 

the concentration of Mf* in vivo. 

Erample 3: Rate of cleavage at GCH and ACH triplets by catalytic 
(Higomers containing only 6 ribonucleotides 
Cleavage of substrate IlNA by 6-ribonudeotide versions of oligomers 
designed to cleave GCH and ACH triplets was assessed. In these oligomers, 
ribonucleotides were present at positions U*. G», A*, G". G« and I" » aivl all 
«>ther positions were 2--0-allyl-ribonuclcotides (sec Figure 2 for numbering), 
nie oUgomers used were SEQ ID N0:17 (cleaves after ACH triplets) CTablc 
1) and SEQ ID NO: 18 (cleaves after GCH triplets) (Table 1). Tbt 
corresponding short fluorescent labelled substrates. SEQ ID N0S:4, 5, and 6 
(containing ACH triplets) (Table 1) and SEQ ID N0S:7. 8. and 9 (i»aaining 
GCH triplets) (Table 1) were used with catalytic oligomers SEQ ID N0:17 
and SEQ ID N0:18 respectively. 

The reactions were performed under smgle-tumover kinetic 
conditions, using 2.5 pM catalytic oligomer and 250 nM substrate, both at 

PH 6.0 in the presence of 10 mM Mg»+ and also at pH 7.4 in d« presence of 
1 mM Mg»+. AH otiier reaction conditions were as in Example 1. 

TTie dati were analyzed as in Example 1. The calculated k, vatoes for 
the six combinations of 6.ribo catalytic oligomers and corresponding 
substrates are shown in Table 5. 

Tables 

~ . , (min) ' 

^ Triplet pH 6.0; 10 mM Mg»* pH 7.4; 1 mM Mg'* 

^ Oil 0.87 

^ . 0-03 0.11 

0.02 0.08 

These results indicate that catalytic oligomers such as SEQ ID NO: 17 
(cleaves after ACH triplets) (Table 1) and SEQ ID NO: 18 (cleaves after 
GCH triplets) (Table 1) remain active when aU of the ribonucleotides except 
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those at positions U*. &, A*. G'. G« and I" > a« modified, llese results . 
also indicate that catalytic oligomers are capable of cleaving substrates at 
physiological concentrations of Mg**. 

Example 4: Rate of cleavage at a GCA triplet by vetsmns of a catalytic 
oUgomer differing in the sugar modification at position \J* 
Qcavage of substnte RNA by oligomers with modifications at 
position U* was assessed. These assays showed that oUgomers that contain 
nuclease resistant modificaUons retain activity and that diffbent modifications 
can be made at a given position of the catalytic oligomer while retaining 
activity. The catalytic oUgomers were based on SEQ ID NO: 18. Variaml 
was made up of SEQ ID NO: 18 witii aU but five nucleotides modified wifli 
2'-0-aIlyl-ribonuclcotides (ribonucleotides were present at positions &, A*. 
G». G« and I'" and aU oti>er positions were 2'^-aUyl.ribomicleotides; see' 
Figure 2 for numbering). Variant II was made up of SEQ ID N0:18, 
15 modified witii 2'-0-aUyl.ribonucleotides at all but six nucleotides 

(ribonucleotides were present at positions U*. G», A«. G*. G« and I" ' and all 
odier positions were 2*-0-aUyl-ribonucleotides). Variam m conained 
ribonucleotides at positions G*. A*. &. G» and I" ' and a 2'-amino-2'- 
deoxyuridine at position U* . All otiier bases were 2'^aUyl-ribonucle(Stides. 
20 The reactions were performed under single-turnover idoetic 

conditions, using 2.5 ^ catalytic oUgomer and 250 nM substrate, botii at 
pH 7.4 in the presence of 1 mM Mg**. AU otiwr reaction conditions were 
as m Exanq>le 1. 

The daiai were analyzed as m Exanqile 1. The calculated k, vahies 
were 2.32 min > for tbt all-ribonudeotide compound, 0.10 min ' for variam I, 
0.87 mill ' for variant H and 0.56 min:' for variant m respectively. These 
results indicate dial different modifications which inhibit KNase A activity 
can be made at tiie highly RNase A sensitive U* site while retammg activity. 
The nuclease resistam variant containing tiie 2'.amino-2'-deoxyuridine at 
position If is only marginally less active tiian die RNase A sensitive bm 
highly active variant which contains a ribouridine at tiiis position. This 
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demonstrates that it is possible to generate nuclease resistant catalytic 
oligomers with activities close to the unmodified all-ribonucleotide versions, 
and that different modifications can be made at a given site while retaining 
activity. 

5 Example 5: Comparisfon of cleavage acdvities of 2'-0-methyl- and 2»-0- 
allyl-modified catalytic oligomers at all 12 possible NCH 
triplets 

Cleavage of substrate RNA by oligomers with modifications in the 
nucleotides at all positions except G*. A*. G", G", and » were assayed to 

10 show cleavage at all NCH sites. Catalytic oUgomeis were based on SEQ ID 
NO: 17 (cleaves after ACH triplets), SEQ ID NO: 18 (cleaves after GCH 
triplets), SEQ m NO: 19 (cleaves after CCH triplets) and SEQ ID NO:20 
(cleaves after UCH triplets) fliat cither contained 2*-0-allyl-ribonucleotides 
or 2'-0.methyl-ribonudeotides at all positions accept (J*, A*, G*. G". and 

15 I" * were synthesized. The respective fluorescent labelled substrates SEQ ID 
N0S:4, 5 and 6 (containing ACH tirplets, cleaved by SEQ ID NO: 17), SEQ 
ID N0S:7, 8 and 9 (containing GCH triplets, cleaved by SEQ ID N0:18), 
SEQ ID NOSilO, 11 and 12 (containing CCH triplets, cleaved by SEQ ID 
N0:19) and SEQ ID NOS: 13. 14 and J5 (containing UCH triplets, cleaved 

20 by SEQ ID NO:20) were also synthesized. The sequences of SEQ ID NOS: 
4-20 arc shown in Table 1. 

The reactions were perfonned under single-turnover kinetic 
conditions, using 2.5 /tM catalytic oligomer and 2S0 nM substrate, at pH 7.4 
in the presence of 10 mM magneshmi ions. All other reaction conditions 

25 were as in Example 1. The data were analyzed as in Example 1. 

The results from these assays indicated that catalytic oligomers 
■ 

directed at GCH, ACH, CCH, and UCH substrates are capable of cleaving 
their respective targets. The results also faidicate that for many catalytic 
oIigomer:substrate combinations there is virtually no difference between the 
30 2*-0-allyl-ribonucleotide nodified catalytic oligomers and the corresponding 
2'-0-methyl-ribonucleotide catalytic oligomers. Furthermore, for no 
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combination is there much more than a 2.foId difference between these two 
types of modifications. 

Eamplc6: Rate of cleayage at a GCA triplet by versions of a catalytic 
oligomer differing In the nudeobase at position N' 
Ocavage assays were perfonned to show that different bases with 
different modifications could be substimted at position N' and stUl retain 
activity. All catalytic oligomers comained 2'O-allyl.ribonuclcotides at all 
positions except &, A*. G*. G« and I" ' which weie ribonucleotides. All 

catalytic oUgomers were designed to cleave after GCH triplets. The 
sequences of the catalytic oUgomers were as follows (the position is 
mariced in boldface): 

L-gcgacccuGAuGaggccgugaggccGaaIcauuc*T (SEQ m NO- 18) 
L-gcgacccuGAcGaggccgugaggccGaaIcauuc*T (SEQ ID NO-22) 

15 L-gcgacccuGAaGaggccgugaggccGaaIcauuc*T (SEQ ID No'23) 
L-gcgacccuGAgGaggccgugaggccGaaIcauuc*T (SEQ ID NO'24) 
L-gcgacccuGAiGaggccgugaggccGaaIcauuc-*T (SBQ ID NO-25) 
I^gacccuGAqGagffxgugaggccGaaIcauuc*T (SEQ ID NO-26) 

^ L-gcgacccuGAnGaggccgugaggccGaaIcauuc*T (SEQ ID NO:27) 

L a 5'-teniiinal hexanediol lini ffr 
T «» 3'-3' inverted thymidine 
A, G and I are ribonucleotides 
a, c, g, tt and i are 2*-aUyloxy-2'-deoxyribonucIeotides 
q 18 l-(2-0-alIyM-D.riboftiranosyl)quina2olme-2,4-dione 
n IS 5-nitio-l.(2.0-alIylHJ-D.ribofliranosyl)indole 

The reactions were perfonned under single-turnover kinetic 
conditions, using 2.5 catalytic oUgomer and 250 nM substrate, at pH 7.4 
in the presence of 10 mM magnesium ions. All other reaction conditions 
were as in Example 1. Tie data were analyzed as in Example 1. 

Qiapbs showing fraction product versus time curves of die If variant 
oligomers are shown in Figures 4A and 4B. ITjc data indicate diat aU 
yarianis at N' are capable of cleaving very well. Tbc catalytic oligomen 
tolerate bulky groups such as the uracU analogue. quina2oIine-2.4-dione quite 
weU. Information such as this is important because it shows that tiiere is a 
position in die catalytic oUgomers which can be varied to optimize catalytic 
structure for a given substtate. 

37 
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Example 7: In vitro cleavage of a long substrate derived from hepatitis 
C vims 

A long RNA substrate transcribed from a plasmid was used to 
demonstrate cleavage of sudi a substrate using the disclosed compositions. 
Plasmid pN(l-4728) contains the fiist 1358 bases of the hepatids C virus 
genome (HCV). The sequence is oriented so as to aUow a runoff transcript 
of the Bam HIrlinearizcd plasmid diat produces a 1358 base transcript. A 
runoff transcription (3-5 ^tg) was perfonned in a 100 ^1 reaction vohune 
containing 40 mM Tris-HCl (pH 7.5). 18 mM MgCI,, 1 niM spermidine. 5 
mM DTT. 2000 U/ml placental KNase inhibitor (Promega). 3 mM of each of 
ATP. UTP, CTP and OTP. 50 ^Ci of [a-»PlGTP (DuPont MEN) and 3000 
U/ml T7 RNA polymerase (New England Biolabs). The reaction was 
incubated at 37"C for 2-3 hours and then terminated by addition of 100 pH 
RNA gel-loading buffer (98% fotmamide, 10 mM EDTA, 0.025% xylene 
cyanol FF and 0.025% bromophenol blue). The mbcnue was then heated at 
90*C for three minutes, snap-cooled on ice and subjected to electrophottsis 
on a 4% polyacrybmiden M una gel. The 1358 nucleotide long transcript 
was visualized by UV shadowing, the band was excised and the RNA 
extracted by electroehition for one hour. The RNA was tiien recovered by 
20 overnight ethanol precipitation. After centrifugation and washing with 70% 
ethanol U» purified teanscrq>t was resuspended in 20 ,U of DEPC sterilized 
water and the concentration was determined by UV measurement. 

The foUowmg oligomera were designed to target the runoff transcript 
of die HCV. 
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L-ggauucgcuGAuGaggccgugaggccGaaIcucaugg*T (SEQ ID NO:28) 

L-gauucgcuGAaGaggccgugaggccGaalcucaugg'T (SEQ ID NO:29) 

L-ggauutgcUGAuGaggccgugaggccGaaIcucaugg*T (SEQ ID NO:30) 

L-gauucgcuGAuGaggccgugaggccGaaIcucaugg*T (SEQ ID N0:31) 

L B 5'-termiiial hexanediol linker 

*T a 3'-3' inverted diymidine 

A, O, U and I are ribonucleotides 

a. c. g and u are 2'-aIlyIoxy-2*-deoxyribonucleotides 
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These sequences are targeted to the GCA.345 site of the HCV genome 
which is present in the transcript. 

Oeavage reactions were carried out in a 10 ^1 volume containing 50 
mM Tris-HCl (pH 7.5). 10 mM MgCl,, 30 nM radiolabeled transcript and 
300 nM catalytic oligomer (either SEQ ID NOS:28-31). Incubation was 
performed at 37«C for 10 minutes and 60 minutes for each oligomer tested, 
and the reactions were quenched by addition of 10 ^ of gel-loading buffer ' 

a>ntaining 20 mM EDTA. heated at 90'C for 5 minutes and then cooled on 
ice. Undeaved transcript and cleavage products were then separated by 
electrophoresis on a 4% polyaciylamidcn M mea gel. After electrophoresis 
the gel was transferred onto Whatman 3MM filler paper and dried for two 
hours at 80»C. Bands were quantitated by exposure to a Phosphorlmager 
screen. 

The results of these assays indicated that all four of the catalytic 
oligomers were capable of cleaving the HCV runoff transcript. Hiis 
indicates that target catalytic oligomers containing aU 2'-0-alfyI. 
ribonucleotides, except at positions U*. G*. A», &, G« and I" » (SEQ ID 
NO:30) and except at positions G», A», G». G« and I«*» (SEQ ID NOS:28. 
29, and 31), are capable of deavmg a long RNA. 
EsBimpIe 8: ComparisoD otinvitm deavage of a long substrate derived 

from hepatitis C virus using catalytic oligomers targeting 

GCA and 6UA triplets 
Cleavage assays were performed to show that catalytic oligomers 
designed to cleave the 1358 base HCV substrate function at concentrations as 
low as 30 nM. The preparation of the runoff transcript was as in Example 7. 
Hie oligomers used m these assays were as follows: 

L-ggauucgcuGAuGaggccgugaggccGaaIcucaugg*T (SEQ ID NO-28) 
I^ggugucuGAuGaggccgugaggccGaaAcguuugg*T (SEQ ED NO:32) 

L a 5'-teiminal hexanediol linker 

*T = 3'-3' inverted thymidme 

A, G, U and I are ribonucleotides 

a. c, g and u are 2'-aUyloxy-2'^leoxyribonudeotides 
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These catalytic oligomers target the GCA 345 triplet (oligomer of 
SEQ ID NO:28) and the GUA 378 triplet (oligomer of SEQ ID NO:32). Tbt 
fragments obtained when analyzing cleavage reactions of the 1358 ninoff 
tnmscript of the HCV are 347 and 1011 nucleotides long for cleavage at the 
GCA 345 site and 380 and 978 nucleotides long for cleavage at die GUA 378 

sdte. Tte catalytic oligomers wens compared at 1 and 3 mM with a reaction 
time of one hour and at concentrations of 30 nM, 100 nM. 300 nM, 1 ^ 

and 3 ^Alwitii a reaction time of three hours. AU otiier reaction a^ 
conditions were as in Example 7. 

An analysis of die data indicated that tiie oUgomers cleaved die HCV 
transcript after three hours at all concentrations of catalytic oligomer tested. 
This indicates diat concentrations of catalytic oUgomer of 30 nM are capable 
of cleaving a 1358 base RNA fragmem of die HCV genome. 
Erample 9: Qeavage of human TL-2 mRNA in Jurfart ceU lysates 

Cleavage assays were performed to show flat catalytic oUgomers 
tai?cted to IL.2 mRNA were capable of deaviog fbt native mRNA in a cell 
lysate solution. These assays were performed witti die catalytic oligomer of 
sequence: 

L-gacHuagcuGAuGaggccgugaggccGaaIcaattgca*T (SEQ ID NO:33) 

L = 5*-tetminal hexanediol linker 
*T = 3*-3' inverted thymidme 
A, G, U and I are ribonucleotides 
25 a, c, g and u are 2*-aUyloxy-2'-deoxyribonucleotides. 

This sequence was designed to cleave after the GCA. where die A is at 

position 140, in the human interieukin-2 mRNA (sequence name HSIL2R in 
die EMBL Nucleotide Sequence Database 43"" Edition). 

Jurkat cells were stimulated for five houra witii phorbol 12-myrjstate 

13.acetate (PMAVphytohemoagglutinin (PHA) to induce expression of IL-2. 

Crude cell lysates were tiien prepared by fteeze-diawing as foUows: 2 X 10' 

cells were washed in phosphate buffered saline (PBS) and resuspended in 500 

Ml of RNase fitee deionized water, incubated at room temperature for 10 

mimites. dien snap frozen in Uquid nitrogen and diawed at 37»C. CeU debris 

40 



20 



30 



35 



wo 98/58058 



PCT/US98/12663 



10 



30 



was removed by low speed cemrifiigation leaving a crude lysate for use in . 
cleavage assays. 

Each cleavage reaction was carried out at 3TC in a 100 ^ reaction 
volume Including 62.5 ^1 of ceU lysate. 50 mM Tris pH 7.5. 10 mM MgCl, 
and 1 |,M catalytic oligomer for the reaction times: 0, 10. 30. 60. and 120 ' 
minutes. Tbt following controls wcit done, control after 120 mimites witi, 
no oUgomer. JL-l probe control. IL-l and /J-actin RNase digested, and a 
control after 10 mmutes wifli no oligomer. RNA was purified from the 
reactions using BioGene X-Cell solution and analyzed by a ribomiclease 
protection assay (RPA). using ti« RPA H kit from Ambion. following the 
"""fecturer's protocol. Biotin labelled antisense RNA probes for IL-2 and 
/3-actin RNA (fatemal standard) were prepared using an SP6 transcription kit. 
Tbc template for die ^-actin probe was pmchased from Ambion and produced 
an RNA probe of 334 nucleotides and a protected fragment of 245 
is nucleotides in leiigtii. 

An:lL.2 probe template was nude by usmg RT-PCR to amplify a 
fragment of die tt.2 sequence from Jurkat ecu RNA. Oneprimerwas 
designed to also mchide the SP6 transcription promoter site so tiiat tbt 
icsultam DNA probe could be transcribed dirtctiy from tiie PGR reaction. 
The probe was designed to be 487 nucleotides in lengtii. teadfaig to a 
protected fragmem also of 487 mideotides after RPA analysis of IL-2 RNA. 
RPA analysis after cleavage with tiie catalytic oUgomer should idemify 
protected fragments of 428 and 59 nucleotides in addition to the fuU lenah 
RNA. 

Protected RNA fragments were separated by polyacrylamide gel 

onto iqrlon membrane and visualized by 
chemiluminescent detection using tbt BrightStar Biodctect kit from Ambion. 
Biotinylated RNA markets of lengtiis 500. 400. 300 and 200 micleotides were 
used. The cell lysate prepared as described above contains, die 11.2 mRNA 
produced flirough imraceUular transcription. TTiis ceU lysate. contains d« 
targeted substrate. The produa of the reaction between die substrate and the 
catalytic oligomer produces a 428 base and 59 base fragmem of the IL-2 
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mRNA. By using a labeled probe for this sequence, the cleavage products 
can be detected. The IL.2 mRNA was cleaved by the catalytic oUgomer. 
SEQ ID NO:33. in the presence of the ceU lysate. This indicates that thl 
catalytic oligomeis are capable of cleaving a long, native. mRNA in the 
presence of the ccUular mateiial associated with the mRNA in vivo. 
Eample 10: Qeavage of rat dopamine D2 receptor RNA in CHO ceU 
lysates 

Cleavage assays were performed to show that catalytic oBgomers 
targeted to rat dopamine D2 receptor mRNA were capable of cleaving the 

native mRNA in a CHO cell lysate solution. The assays were perfonaed 
with the catalytic oUganer of sequence: 

L- gcucgaccuGAuGaggccgugaggccGaaIcugcgcu*T (SEQ ID NO:34) 

15 La 5'-tenninal hexanediol Imker 
*T - 3'-3* inverted thymidine 
A, G. U and I are rib<»iucleotides 
a, c. g and u are 2'-allyloxy.2'-deoxyribonucleotides. 

This sequence was designed to cleave after the GCA. where the A is at 
position 811. in the rat dopamine D2 receptor RNA (sequence name 
RND2D0PR in the EMBL Nucleotide Sequence Database 43- Edition). 

Crude cell lysates were made from CHO cells stably transfected with 

the rat dopamine D2 receptor gene by the freeze-thawing procedure as 
described in Example 9 above. Each cleavage reaction was carried out at 
37-C in a 100 /U reaction vohune includmg 62.5 m1 of cell lysate. 50 mM 
•Ms PH 7.5. 10 mM MgCl, and 0.5 ,xM catalytic oligomer for the reaction 
times: 10. 30. 60. and 120 minutes The following controls were performed: 
dopamine D2 receptor RNA and ^-actin digested with RNasc. dopamine D2 
receptor RNA and ^-actin control, rat dopamme D2 receptor RNA probe 
and fl-actin control, control after 10 minutes with no oligomer, control after 
30 minutes with no oligomer, and control after 60 nunutes with no oligomer. 

RNA was purified from the reactions and analyzed by ribonuclease 
protection assay, usmg the RPA H kit fiom Ambion and foUowmg the 
manufacturer's protocol. Biotin labelled antisense RNA probes for rat 
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dopanuae D2 receptor and mouse ^-actin RNA (imenul standard) wen. 
P«pa«d using an SPetranspriptioDlcit. lUe template for the ^-actin probe 
w« purchased from Ambion and produced an RNA probe of 334 nucleotides 
and a protected fragment of 245 micleotides in length. 
5 A dopamine D2 receptor probe template was made by using RT-PCR 

to mplify a fragment of the dopamine D2 receptor sequence from CHO ceU 

RNA. 0« primer was designed to also include the SP6 transcription 
promoter site so that the resultant DNA probe could be transcribed direcUy 
fi^ the PGR reaction. ^ probe was designed to be 663 nucleotides afto 
RPAanalysisofdopamineD2receptorRNA. RPA analysis after cleavage 
the catalytic oligomer should identify protected ftagments of 394 and 
269 m«deotides in addition to the full length RNA. Protected RNA 
fragments were separated by polyacrylamide gel electrophoresis (5%). blotted 
;'«» j'--nU«u« and Visual 
13 BnghtStar Biodetect lot from Ambion. 

The results iiidicatcd that the D2 receptor RNA is cleaved by the 
catalytic oligomer. SEQ ID NO:34. Tt. cleavage products were detectable 
«.y 10 mi^ues aixl increased with time indicating that the catalytic oligomer 
IS not being substantially degraded over time. 
E«mple 11: Qeavage of hmnan ICAM-l mRNA in A549 ceU lysatcs 
Cleavage assays were performed to show that catalytic oligomen 
^«ed to ICAM-1 mRNA were capable of cleaving the native mRNA in an 
A549 ceU lysate solution. Tl« assays were performed with the c«alytic 
^ oligomeis of sequences: 

J'^JgguucucuGAuGaggccgupggccGaaluguauaa'T 
L^>gBaguccuGAaGaggccgugaggccGaaIuauuucu*T 

L o 5'-terminal hexanediol linker 
•30 *T = 3'.3' Inverted thymidine 
A, 0, U and I are ribonucleotides 
a. c. g and u are 2'-aUyloxy-2--deoxyribonucleotide5. 
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•n>ese sequences were designed to cleave after the ACA sites where 
the first A is positioned at base 1205 (SEQ ID NO:35) and position 1592 
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«K! m NO:36,. b ftc h™. taBc^^ ^ 

OCAM-l) ^ HaCAMOl in BMBL Nocleoai. ' 

Database 43"" Edition). 

^«"'y'«««*«««nadefton,A549cclJs. after a five hour 
st^oa With 10 ng/nU Of .ITJFa to ^ expression Of ICA^^^^ 
freeze-thawmg proced«« as described in Example 9 above. Each cleavage 

-ction ^ carried out for two hours at 37-C in a 100 ;d reaction volu^ 
62.5 ;d Of cell lysate. 50 «M Tris pH 7.5. 70 «M MgQ, and 

«^>;^oW.oaflnalconcentnuionofeithcr500nMo^^^^^ 
^ ohgon«r. 100 nM oligomer. 50 nM oligomer, control without catalytic 
oligomer. RNA was purified from the reaction, and ualyzed by 
ribonudease protection assay, using the RPA H kit ftom Ambion, following 
the mamrfacturer's protocol. Biotia tabeUed amisense RNA p„,bes for 
hunan ICAM- 1 and GAPDH RNA (internal stUKlard) were prepared using 
anSPetnmscriptionldt. tenptote for fl« GAPDH probe was purchased 
from Ambion and pmduced a protected fragment of 316 nucleotides m 
length. 

^^CAM-1 probe template was made by usmgRT-PCR to ampUfy a 
fragment of the ICAM-1 sequence from A549 cell RNA. Oneprimerwas 

designed to dso todude the SP6 transcription promoter site so tiua the 
resultant DNA probe could be transcribed directly from the PCR reaction 
The probe was designed to be 598 nucleotides hi length, leading to a 
protected fragment also of 598 nucleotides after RPA analysis of ICAM-1 
RNA. ««lysis after cleavage with the catalytic oligomers should 
Identify protected fragments of 552 «k1 46 nucleotides (1205 ACA site) and 
433 and 165 nucleotides (1592 ACA site) respectively m addWon to the full 
length RNA. 

Protected RNA fragments were separated by 5% polyacylamide gel 
dectrophoresis. blotted onto nylon membrane and visualized by 

chemihmunescent detection using the BrightStar Biodetect kit from Ambion 
Btotmytated RNA markers of length 500. 400. 300 and 200 nucleotides were 
used. Cleavage products were produced at all concemrations of oligomer 
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(1) GESERAI, INFORMATION: ^^^'^ ''"'^ 
fin ^l^' Innovlr Laboratories, inc. 

Ud\ 2^"?P^^.^°r^^'^"" "^^^^ »*-CUavage Activity 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Patrea L. Pabst 

(B) STREET: 2B0O One Atlantic Center 

(C) CIT^: Ati^ta''"" ■ 

(D) STATE: GA 

(B) CODNTRY: DSA 
( F) ZI P: 30309-3450 

(V) C<»!PDrER READABLE FORM: 

(A) HE DIDM T yPB; Floppy disk 
<B) COMPOTER: IBM PC compatible 

(C) OPBRATINQ SYSTEM: PC-DOS/MS-DOS 

/ J^ -iP' SOFTWARE: Patentia Release #1 0 Veraion *i r)c 
(vi) CDRREHT APPLICATION DATA- Version #1.25 

(A) APPLICATION NDMBER: ' 

(B) FILINQ DATE: 

(C) CLASSIFICATION: 
tvilij ATTORNEY/AGENT INFORMATION: 

(A) NAME: Pabst, Patrea L. 
JB) REGISTRATION NUMBER: 31,284 
(C) REFERENCB/DOCKBT NDMBER: ILI 123 
(ix) TELBCOMMDNICATION INFORMATION- 
(A) TELEPBONE: (404) *873-fi794 
<B) TELEFAX: (404) -873-B7S5 

(2) INFORMATION FOR SBQ ID NO: 1: 
(i) SBODBNC B CH ARACTERISTICS : 

(A) LEHQTH: 57 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOOYi circular 

(Xi) SEQDEKCB DESCRIPTION: SEQ ID NO: 1: 

MOOtt^NmiNN NNNNNNCDQA NQANRNNNNN NNNNNNNYNG AARNNNNNNN NNNNNUH 57 

(2) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQDENCE CHARACTERISTICS: 

(A) LBNQTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

( D) TOP OLOGY; linear 

(xi) SEODENCB DESCRIPTION: SEQ ID NO: 2: 

NNNKNNCOGA NGANRNNNNN NNNNNYNGAA NNNNN 35 

(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SBQtlENC g CH ARACTERISTICS ; 

(A) LENGTH: 12 base pairs 

(B) . TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

( D) T OPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3i 

IQ^CHNNNN NN 

12 

(2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQnSHC B CH ARACTERISTICS ; 

(A) LEN(3TH: 14 base pairs 

(B) TYPB: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 
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(Xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 4 
GAAUACCQGU CGCT 

(2) INPORMATION FOR SEQ ID NO: 5: 
(i) SEQUENC E CH ftRACTERISriCS ; 

(A) LENGTH: 14 base paire 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS 1 aingle 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GAAUACAGGU CGCT 

(2) INPORMATION FOR SEQ ID NO: Si 
ii) SEQUENC E CH ftRACTERISTICS r 

(A) LENGTH: 14 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : aingle 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GAAUACUGGD CGCT 

(2) INPORMATION FOR SEQ ID NO: 7: 
(i) SEQUENC E CT ARJCTERISTICS i 

(A) LSNGIHt 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS t single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

GAAOGCCGOU CGCT 

(2) INPORMATION FOR SEQ ID NO: B: 
(i) SEQUENC E CH ARACTERISTICS i 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 
<C} STRANDBDNESS: single 
<D} TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GAADGCAGGU CGCT 

(2) INFORMATION FOR SEQ ID NO: 9: 
(1) SEQUENC E CH ARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTIONi SEQ ID NO: 9t 

GAADGCDGGU CGCT- 

(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENC E CH ARACTERISTICS ; 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

GAAUCCCGGU CGCT 

(2) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEZ3NESS; single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: . SEQ ID MOi H- 

GAAUCCAGQT7 CGCT 

14 

(2) INFORMATION FOR SEQ ID NO: 12- 
(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 14 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 
I 4^ TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13; 

GAADCCDGGU CGCT 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENC E CH ARACTERISTICS; 
(A) LENGTH: 14 base pairs 
B) TYPE: nucleic acid 

(C) STRANDSDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION! SEQ ID NO: 13: 

GAADUCCGGU CGCT 

(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SBQUENCB CHARACTERISTICS i 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

QAADUCAQGU CGCT 

(2) INFORMATION FOR SEQ ID Noi 15: 
(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 14 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: Single 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 
GAAUUCUGGU CGCT 

14 

(2) INFORMATION FOR SEQ ID NOs 16: 
(i) SBQUENCB CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SBQDBNCS DESCRIPTION: SEQ ID HO: 16: 

GAAUGUCGGU CGCT 

14 

(2) INFORMATION FOR SEQ ID NO: 17; 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ^ single 
TOPOLOGY: li.near 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GCGACCCUGA UGAGGCOGUG AGGCCGAANU AUUCT 

3 5 
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(2) INPORMATIOH FOR SEQ ID NO: 18: 
ti) SEQUENC E CH ftRACTERISTICS ! 

(A) LENGTH; 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : siagle 

(D) TOPOLOGY: linear 

(Xi) SEQtJEHCE DBSCRIPTIOK: SEQ ID NO: 18: 

GCC3ACCC0GA tJOAGGCCGUG AGGCCGAANC ADUCT 

(2) tNPOHMATIOM FOR SEQ ID NO: 19: 
(i) 3EQ0ENC E CH ARACTERISTICS ; 
(A) LENGTH: 35 base pairs 
B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xl) SEQUENCE DESCRIPTION: SEQ ID NO i 19: 

CMMACCCDOA UGAGGCCGDG AGaCCOAANQ AOTCT 

(2) INFORMATION FOR SEQ ID NO: 20: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; sinale 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GCGACCCDGA UGAfiGCCGDO AOGCCGAANA AUUCT 

35 

i2) INFORMATION FOR SEQ ID NO: 21: 
Ci) SEQUENC E CH ARACTERISTICS ; 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

IXi) SEQUKNCB DESCRIPTION: SEQ ID NO: 21: 

GCOACCCOGA UGAGGCCGDO AGGCCGAAAC AOUCT 

(2) INFORMATION FOR SEQ ID NO: 22 1 
(i) SEQUENC E CH ARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:22 

GCOACCCDGA CGAGGCCGDG AGGCCGAANC ADUCT 

(2) INFORMATION FOR SEQ ID NO: 23: 
it) SEQUE NCE CH ARACTERISTICS: 
<A) LENGTH: 35 base pairs 

(B) ^ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 

QCQACCCUGA AGAGGCCGDO AGGCCGAANC ADUCT 35 

(2) INFORMATION FOR SEQ ID NO: 24: 
(i) SEQUENC E CH ARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 

GCGACCCtJQA GGAGGCCOUQ AGGCCQAANC AOTCT 

(2) INPOHMJITION PGR SEQ ID NO: 25- 
(i) SEQUENCE CHARACTERISTICS: 
(A) LBMGTHi 35 base pairs 
B) TYPE: nucleic acid 
(C) STRANDEDNESS : single 
/ ^^ jP> T OPOLOGY; linear 
tXiJ SEQUENCE DESCRIPTIOH: SEQ ID NO: 25 

GCGACCCOOA NCSAGaCCGDQ AGGCCQAANC ADUCT 

(2) INPORt ftTION FOR SEQ ID NO: 26: 
(i) SBQOENCE CHARACTERISTICS: 

(A) LENOTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(Xi) SEQUENCE DBSCRIPTIONi SEQ ID NO:26 

GCGACCCnOA NGAGGCCGOQ AGGCCQAANC ADUCT 

(2) INFORMATION FOR SEQ ID NO: 27: 
UJ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 
C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27 

GCGACCCUGA NGAGGCCGUG AGGCCQAANC ADUCT 

<2) INFORMATION FOR SEQ ID NO: 28: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
I 2x jO> T OPOLOGY; linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28 

GGAUUCOCUO ADOAGGCCQa GAOOCCGAAN CUCADGQT 33 

(2) INFORMATION FOR SEQ ID NO: 29: 
(i) SEQUENC E CH ARACTERISTICS; 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 29 

^^roCGCDQA AGAOGCCGUG AGGCCQAANC DCADGGT 3^ 

(2) INFORMATION FOR SEQ ID NO: 30: 
(1) SEQUENC E CH ARACTERISTICS; 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xt) SEQUENCE DESCRIPTION: SEQ ID NO: 30 

GQAODCGCDO AUGAGGCCGU GAOOCCGAAN CUCADQGT 

38 

(2) HIPORMATION FOR SEQ ID NO: 31: 
(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 37 base pairs 
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(B) WPS: nucleic acid 

(C) STRANDEDNE3S : single 

(D) TOPOLOOY: linear 

txi) SEQUENCE DESCRIPTION: SEQ ID NO: 31 

GAUUCGOJOA tJOAGGCCGUG A(3GCCGAANC DCADQQT 

37 

(2) INFORMATION FOR SEQ ID NO: Sa- 
il) 6BQUKNCB CHARACTERISTICS I 
(A) LENGTH: 38 base pairs 
B) nrPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32 

^TOGGUGOCDG AUGAGGCCGU OAGQCCGAAA CGUUUGGT 

38 

(2) INFORMATION FOR SEQ ID NO: 33 1 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 base pairs 
(B TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOOV: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33 

GACUnAGCUG ADGAGGCCGU OAGQCCOAAN CAADGCAT 

38 

(2) INFORMATION FOR SEQ ID NO: 34: 
ti) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNBSS: Single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DBSCRIPTIONj SEQ ID NO:34 

GCUCGACCOO AUGAGOCCOU OAGGCCGAAH CUGCOCDT 33 

(2) INFORMATION FOR SEQ ID NO: 35; 
(i) SEQUENC E CH ARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35 

UGGUUCUCUQ AUGA6GCCGU GAOQCCGAAN DGUAUAAT 3^ 

(2) INFORMATION FOR SEQ ID NO: 3«: 
(i) SEQUENC E CH ARACTERISTICS i 
(A) LENGTH: 38 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNBSS: Single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36 

^JOOAGUCCUG ADGAGGCCGU QAGGCCQAAN UAUUUCUT 

38 
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Claims 

1. A composition that cleaves an RNA substrate, the composition 
comprising components (a) and (b), 

wherein component (a) comprises S'-Z^Zj-S' and component (b)* 
comprises y-ZyZcY. whercm components (a) and (b) either are separate 
molecules or are covalently coupled, 

wherein Z, and arc oligomeric sequences which (1) are comprised of 
nucleotides, nucleotide analogues, or both, or (2) are oligonucleotide analogues, 
wherein the oligomeric sequences specifically mteract with the RNA substrate by 
hybridization, 

wherein 2^ consists of 

s'-x^x^x^x^rx'x'-a'. or 

5'-X^X*X»XVX«XV.3\ 
wherein Zj consists of 

5'-X*^"X'*X"'^-3\ or 
5*-X"'^«X"X'*X«».3\ 

wherein Zj and Z, arc comprised of nucleotides, nucleotide 
analogues, or both, wherein the nucleotides and nucleotide 
analogues each have the structure 



D 



B 




wherein each B is indqwndently adcnm-9-yl, cytosin-l-yl, guanin-9-yl. 
uracil-l-yl, uraciI-5-yI. hyi)oxanthin-9-yI. thymin-l-yl. 5-methylcytosin-l-yI, 2,6- 
diaminopuriii-9-yI, purin-9-yl, 7-<icazaadenin-9-yI, 7-deazaguanin-9-yI, 5- 
propynylcytosin-I-yl, S-propynyluracU-l-yl. isoguanin-P-yl. 2-ammopurin-9-yI, 6- 
methyluracil-l-yl. 4-thiouraciI-l-yI. 2-pyriniidoiic-l-yl, quiiiazoline-2.4.dione-l- 
yl. xanthin-9-yl. hP-dimethylguanm-9-yl. or a ftinctional equivalem thereof. 
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Wherein each V Is independenUy an 0. S. NH, or CH, group, 
wherein each W is independently selected from the group consisting of H 
-OH. -COOH. -CONH,. -CONHR'. -CONR'R\ -NH,. -NHR' -NR-R' 
NHCOR'.-SH,SR'.-F. ONH, -ONHR'. -ONR'R^ -NHOH. -NHOR' - 
NR'OH. -NR^R. substituted or ansubstituted C.-C., straight chain or branched 
alkyl. substituted or unsubstituted straight chain or branched alkenyl 
substinued or unsubstituted C-C.o straight chain or branched alkynyl. substituted 
or unsubstituted C,-C„ straight chain or branched alkoxy. substituted or 
unsubstituted Q-C„ straight chain or branched alkenyloxy. and substituted or 
unsubstituted C-C„ straight chain or branched alkynyloxy. wherein tht 
»bstimems are independenUy halogen, cyano. amino, carboxy. ester. etiKr 
carboxamide. hydroxy, or mercapto. wherein R' and R' are, independenUy ' 

substituted or unsubstituted alkyl. alkenyl. or alkynyl groups, wheie 
substituems are independenUy halogen, cyano. amino, carboxy. ester, ether, 
carboxamide, hydroxy, or mercapto, 

wherein D and E are residues which together fbnn a phosphodiester or 
phosphorothioate diester bond between adjacent nucleosides or m«leoside 
analogues or together form an analogue of an intemucleosidic bond. 

wherein in X« '. B is hypoxanUun-P-yl or a functional equivllent thereof 
wherein m X*. X«. «kI X» B is indepemiemly guanin-9-yl. hypoxantitio-' 
9-yl or 7-deazaguanin-9-yl; 

wherein in X*. X*. X". and X". B is independenUy adenin-JJ-yl, 2.6- 
diaminopurin.9-yl, purinJ>-yI or 7-Klea2aadenin-9-yl; 

wherein in X«. B is uracU-l-yl. uracil-S-yl. thymm-l-yl or S^iropy- 
nyluracil-l-yi; 

wheidn in X». B is cytosin-l-yl. S-methykytosin-l-yl or 5- 
propynylqrtoshi-l-yl; 

wherein In X'. X^. and X*« B is independenUy adenm-9-yl. cytosin-l- 
yl. guanin-P-yl, uracfl-l-yl. uracil-S-yl. hypoxamhm-^yl. Uiymin-l-yl. 5- 
metioricytosin-l-yl. 2.6-diami«opurin.9-yl. purin-g-yl. Tsleazaadenin-i-yl. 7- 
dea2aguanm-9-yl. 5-propynylcytosin-l-yI. S-propynyluracU-l-yl, isoguanin.9-yl 
2-aminopurin-9-yl, 6-meUiyluracU-l-yl. -MhiouracU-l-yl. 2-pyrimidone-l-yl. 
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qumazoline-2.4Hlione-I.yl. xanthi,.9-yl. N^^im^ls^.,.,,^ or a functional 
equivalent thereof. 

2. The composition of claim 1 wherein the RNA substrate comprises 

wherein Z,' and Z,' interaa with Z, and Z,, wherein C'«-' is cytidine 
wherein X" is adenosine, guanosine. cytidine. or uridine, 
wherem cleavage occurs at the 3' phosphate of X". 

3. The composition of dahn 2 wherem X" is adenosme. cytidine. or 
uridine. 

4. Tbt conqwdtion of claim 1 wherein components (a) and (b) are 
covalently coupled to form a structure 5'.Z,.Z,-Zj-Zj-Z,-3'. 

whoem 2, is a Unker. 

5 . The composition of daim 4 wherein the linker is selected from the 
group consisting of oligomeric sequences, nonnnideotide linkers, and a 
combination of oligomeric sequences and non-nudeotide Unkers. 

6. The composition of dahn 5 whereta the oligomeric sequences 
"«tependently either (a) contam nudcotides or mideotide analogues or (b) are 
oligomideotide analogues. 

7. The composition of claim 1 wherein components (a) and (b) are 
separate molecules. 

wherem con^wnent (a) omqjrises 5*-Z,-Z,-Zr3'. 

wherem component (b) comprises 5'-ZrZ,-Z4-3*, 

wherem Z. and Z, are oUgomeric sequences whidi (1) are comprised of 
nudeotides. nucleotide analogues, or both, or (2) «e oUgonucleotide analogues, 
wherem the oUgomeric sequences spcdfically hitenict with eadi oflicr. 

8. ; IT* composition of dabnl. wherein Z, and Z, do not comam any 
pyrimidmes that are ribonucleotides. 

9. The composition of daim 1. wherein Z, and Z. do not contain any 
ribonucleotides. 

10. The composition of ckun 1, wherem Z, and Z, are comprised of 
nucleotides, nucleotide analogues, or both, whereta the nucleotides and nndcotide 
analogues each have the structure 
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Wherein each B is independently adenin-9-yI. cytosin-l-yl. guanin-9-yl, 
uradl-l-yl. uiacil-S-yl. hypoxanlliin-9-yI. thymia-l-yl. S-methylcytosto-l-yl. 2.6- 
dianiinopurin-9.yI. inarinJ).yI. 7sleazaadenin.9-yl, 7Hlea2^^ 
propynylcytosin-l-yl, 5-propynylunicil-l-yl. isogusinin-9-yI. a-aminopurin-P-yl. 6- 
methylunBil-l-yl, 4-thiounicfl.l-yl. 2-pyrimidone.l-yI. quina2oliae.2,4^ione.l'- 
yl. xamhin.9-yl, N»-dinicthylguanin-9-yl,or a ftmctional equivalent thereof. 

wherein each V is independently an 0, S. NH. or CH, group. 

wherein each W is independently selected from the group consisting of 
substituted or unsubstitutcd C,-C,o straight chain or branched alkyl. C-C,, 
straight chain or branched alkenyl. C-C„ straight chain or branch(!d alky^l. c,- 
C,o straight chain or branched alkoxy, Cj-C,, straight chain or branched 
allonyloxy. and C-C,o straight chain or branched alkynyloxy, 

wherein D and E are residues which together form a phosphodiester or 
phosphorothioate diestcr bond between adjacent nucleosides or nucleoside 
analogues or together form an analogue of an internudeosidic bond. 

11 . The composition of claim 1. wherein Z, and Z« each mdependenUy 
contain from 3 to 40 nucleotides, micleotide analogues, or a combination. ■ 

12. Tbc composition of claim 1. wherein Zj. Z,. or both contain one or 
several nucleotide analogues wherein each W is independently selected from the 
innip consisting of C,-C, straight chain or branched alkyl. C-Q straight chain or 

• branched alkenyl. Q^, straight cham or branched alkynyl. C,-C, straight chain 
or branched alkoxy. C,-Q straight chain or branched alkenyloxy. and C,^:, 
straight chain or branched Cj-Cj allgmyloxy. 

13. TTie composition of claim 1 , wherein each fiee 3' end is protected 
against exonuclease degradation. 
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14. The composition of claim 1 . wherein in each X'. X*. and X*« 
W is independemly NH, . OH-substituted C,-Q alkyl. OH-substituted C,^, 
alkenyl. OH-substttutcd C,-C« alkoxy or OH-substituted Q-C, alkenyloxy. 

15. The composition of claim 14. wherein in each X\ X*. X» and X*" 
W is independently NH,. methoxy. 2-hydroxycthoxy. aUyloxy or allyl. 

16. The composition of claim 1 . whereb X" is a ribonucleotide. 

17. The composition of claim 1, wherein X" and X'«. or a combination 
« a nucleotide analogue in which each W is independently C.-C, alkyl. C,jC, 
alkenyl. C,-C, alkoxy. C..C, alkenyloxy. OH-substituted C,-C, alkyl. OH- ' 
substituted C,.C, alkenyl. OH-substilnted C.<:, alkoxy. or OH-substituted t-C. 
alkenyloxy. 

18. The ctmiposition of claim 17. wherein X» and X", or a 
combmation is a micleotide analogue in which each W is independently methoxy 
2-hydroxyethoxy or aUytoxy. 

19. The composition of claim 1 . wherein X" ' is a ribonucleotide. 

20. A method for the specific cleavage of an RNA substrate, the 
method comprising bringing into contact the composition of claim 1 and the RNA 
substrate. 

21. A method of identifying the function of a gene, the method 

comprising 

bringing into contact the composition of cUim 1 and a cell comaining the 
gene, wfaerem the composition reduces expression of the gene, and 
observing any change m the cell. 

22. A method of treating a disease that is associated with an RNA 
molecule, the method comprising administering to a subject having the disease the 

substrate is the RNA molecule 

associated with the disease. 

23. The method of claim 22 wherein the RNA molecule is an RNA 
molecule that is overcxpressed. 
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